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NORMAL AND COLLSENE Aare ROOT-TIP MITOSES 
igure 1 
A-F—Shows control roots. G-]—Shows roots treated with colchicine, 50 parts per million 
for eight hours. Upper cells in A, B and C, as well as in G, H and J, were scored as “normal 
early prophase,” “normal midprophase” and “normal prometaphase” respectively. Each scale 
division represents 10 microns. 








A COMPARISON OF THE EFFECTS 
OF SEVERAL ANTIMITOTIC AGENTS 


C. C. BowEN AND G. B. 


HE polyploidizing potential of col- 

chicine is well known as are the 

correlative mitotic deviations in- 
duced by this drug. To these charac- 
teristic alterations from the norm the 
term “C-mitosis” was applied by Levan.* 
Subsequently this term, by extension, 
has been used in reference to super- 
ficially similar cytological effects in- 
duced by a number of non-polyploi- 
dizing agents. Such a general use of a 
term of highly specific origin implies an 
identity of action not justified by the 
evidence as has been pointed out by 
several workers.':7 D’Amato* * espe- 
cially has shown that certain chemicals 
which have been referred to as “C- 
mitotic’ agents have primary effects 
which differ markedly from those of 
colchicine. Certain of these agents he 
has called “prophase poisons’. In order 
to avoid unwarranted implications we 
would suggest more general use of the 
term “antimitotic” for those chemical 
or physical agents which, without neces- 
sarily causing the death of the tissue, 
induce deviations from the norm of 
mitotic behavior in the treated tissue. 
Thus true C-mitotic agents, prophase 
poisons, mutagens which produce visible 
structural alterations, as well as other 


agents producing any _ characteristic 
mitotic aberrations at dosages below the 
lethal level would all be considered 


antimitotic agents. 

This paper is intended to summarize 
the methods employed in, and the most 
important results obtained from a 
qualitative and quantitative study of the 
cytological effects of three antibiotics— 
actidione, streptomycin and chloro- 
mycetin—in comparison with the results 
of a similar investigation of the effects 


WILson* 


of colchicine. A more complete statisti- 
cal presentation of these data will be 
published elsewhere. 


Materials and Methods 


Untreated seeds of Pisum sativum var. 
Alaska furnished through the courtesy of the 
Ferry-Morse Seed Company were used 
throughout. The procedures followed during 
treatment and collection were as follows: 

1. Seeds were germinated in paper toweling 
and allowed to grow until the roots were 
_ to four cm. in length. 

The roots of seedlings were then thrust 
sie wide mesh cheesecloth into 250 ml 
beakers containing 1% _ strength modified 
Hoagland solution’ in such a way as to com- 
pletely immerse the roots without bringing 
the rest of the seedling in contact with the 
solution. Aeration and agitation were pro- 
vided by bubbling filtered air into the vessels. 
This “acclimitization” treatment was con- 
tinued for 12 hours at which time samples 
were taken for cytological examination and 
scored for degree of mitotic activity, normality 
of division figures and relative frequency of 
stages. Data so obtained constituted one type 
of control. 

3. After this “acclimitization” period, seed- 
lings were transferred to similar vessels con- 
taining solutions of the drug to be tested. 
Treatment was generally carried out over an 
8-hour period with root tips being collected 
in groups of four per treatment at various 
intervals over this range. 

4. At the end of treatment a sample of not 
less than six seedlings per treatment was 
rinsed thoroughly in several changes of 
distilled water and transferred to paper 
toweling. After 48 hours these seedlings were 
inspected visually for gross changes and root 
tips fixed for subsequent cytological examina- 
tion. 

5. Fixation was by 3:] alcohol-acetic acid 
and preparations for quantitative study were 
all made by the standard Feulgen squash 
technique. In order to explore possible dis- 
tortions resulting from the squash procedure, 
representative root tips were sectioned and 
examined qualitatively. 

After considerable experiment most final 
runs were made using % strength Hoagland 


*The authors are Fellow of the National Science Foundation and Associate Professor, 


Michigan State College respectively. 


This paper is based on a portion of a thesis submitted to 


the Graduate School of Michigan State College by C. C. Bowen in partial fulfilment of the 
requirements for the Ph. D. degree. Contribution No. 53-9 of the Department of Botany and 
Plant Pathology, Michigan State College, East Lansing, Michigan. 
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FREQUENCY OF MITOSES AS °% OF CONTROLS 


% ABNORMALITIES IN PROPHASE MITOSES 


——— % ABNORMALITIES IN POSTPROPHASE MITOSES 


EFFECTS OF ANTIMITOTICS 
Figure 2 


Deviations from normal mitosis are shown graphically for material treated with various 
dosages of colchicine, actidione and streptomycin. 
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solution as the solvent. Control runs were 
made in the solvent alone at the s 
and over the same period as the treatments. 
Distilled water proved unsatisfactory for a 
variety of reasons, most notable of which was 
a somewhat erratic tendency towards a 
marked falling off of mitotic activity over an 
8-hour period (Figure 34). Full strength 
Hoagland was not used because of the possi- 
bility of obtaining phosphate effects such as 
those reported by Galinsky.6 Thresholds of 
cytological activity and lethal dosages were 
determined for both distilled water and 4% 
strength Hoagland as solvent in all cases 
and in several cases for % strength Hoagland 
as well. 

Quantitative data were obtained by a 
standardized procedure of microscopic slide 
examination. Essentially this consisted of ex- 
amining successive horizontal strips under 
oil immersion and scoring all division figures 
seen. Scoring was done first as to stage and 
second as to normality. If abnormal, a 
further decision was made as to which of 
several predetermined types of abnormalities 
the figure corresponded. This procedure was 
continued until a minimum of 100 mitoses 
had been examined per slide. At the same 
time as the examination of division figures 
was heing carried out, an accurate count was 
‘kept of resting nuclei until 1500 had been 
counted. At this time the ratio of division 
figures to total cells was calculated. 

Runs were planned with the goal of testing 
each drug over a range of concentrations wide 
enough that, after eight hours of treatment, 
the effects would range from complete ne- 
crosis at one extreme to insignificant deviation 
from 8-hour control material at the other. 
This was not practical in all cases. The 
lethal threshold of colchicine was never ascer- 
tained and the lower limit of cytological 
effectiveness of actidione was not determined, 


same time ° 


well defined reactions being obtained at con- 
centrations as low as 0.2 ppm. A further 
problem was encountered with the latter drug 
in that its action in reducing frequency of 
divisions was so effective, that the effects 
of different concentrations had to be studied 
quantitatively after four rather than eight 
hours of treatment. 

After the effects of different doses had been 
studied, runs were made to_ investigate 
changes occurring with time when a typically 
effective dose was applied—the criteria for 
such a dose were that it show a high degree 
of cytological effectiveness but that root tips 
treated for eight hours would be recoverable 
to a substantial degree. We have taken as 
the upper limit, the concentration-time dose 
which allowed recovery of approximately 
one-half the treated roots; ie. the LDsgo. 
Recovery was defined as the return to an 
active meristematic condition with many, at 
least relatively normal, mitoses. 

Actidione (Control No. 247B-JHF-5) and 
streptomycin sulfate (Control No. 113-JA- 
12) were furnished by the Upjohn Company. 
Synthetic chloromycetin (Control No. 164562) 
was furnished by Parke-Davis Company and 
the colchicine used was a preparation of the 
Mallinkrodt Chemical Works. 


Observations 

1. Colchicine Effects 

Colchicine effects have long been reported 
to be due to a specific impairment of spindle 
function. In pea root meristems, after treat- 
ment with 30 and 50 ppm, the chromosomes 
proceed through prophase with no detectable 
deviation from controls. The arrangement of 
chromosomes in a tight clump typical of con- 
trol prometaphase persists through the balance 
of the process and chromosomes fall apart in 
situ. Then without altering position, the 
chromosomes pass through a typical telophasic 
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relaxation of coiling and dispersion of 
chromatic material to form a polyploid resting 
nucleus. This sequence of events may well 
be illustrated by a series of cells as shown 
in Figures 1G-/, and 44-C. 

At threshold doses (15 and 20 ppm) in 
addition to the clumped metaphases mentioned 
previously, many figures were noted with 
chromosomes more or less scattered in the 
cell. This is taken to indicate that spindle 
impairment is not an all-or-none phenomenon 
since at such concentrations multipolar rather 
than unipolar post-metaphases are the rule. 
It is of interest in this connection that of the 
six concentrations tested, 15 and 20 ppm pro- 
duced by far the highest frequency of micro- 
nuclei. The sequence of events caused by 
threshold dosages may well be illustrated by 
Figures 1G-/ and 4D-F. 

Colchicine increased the frequency of 
mitoses significantly and, as often reported, 
this was due, at least in part, to a moderate 
increase in the relative duration of metaphase 
and a consequent “piling up” of metaphases. 
It is entirely possible, however, that a true 
stimulation of mitosis also occurred since an 
increase in absolute numbers of prophases was 
found (Table I). 

Examination of tissue 48 hours after treat- 
ment demonstrated that eight hours exposure 
to colchicine at concentrations of 20 ppm and 
above produced significant amounts of poly- 
ploidy. Twenty and 30 ppm were particularly 
effective, producing numerous giant cells with 
chromosome numbers of 16 and above. This 
implies a persistence of spindle inhibition for 
a considerable period after removal from the 
colchicine solution. 

It should be noted that pea root tips treated 
with effectively polyploidizing levels of 
colchicine did not show what has been long 
considered the classical “C-mitotic” picture. 
Metaphases with widely scattered  diplo- 
chromosomes and “typical C-anaphases” were 
rarely noted except after very short treatment 
or during treatment with concentrations close 
to threshold levels. 

2. Actidione Effects 

In contrast to the effects of colchicine, 
metaphase and postmetaphase stages in ma- 
terial treated with recoverable dosage levels 
of actidione showed little in the way of cyto- 
logical abnormality except for a _ general 
tendency for overcontraction (Figure 54-C). 


TABLE I. Frequency of Divisions in Colchicine 
Treated Root Tips Compared with Controls 


Divisions Later 
than Prophase 
Per 10, 000 Cells 


Divisions in 
Prophase per 
10, 000 Cells 


No. of 
Slides 
Zero Hour 
Controls 30 331.5 = 13.4 1613 RIS 
50 ppm 
Colchicine 18 
3 to 8 hrs. 
* Difference from controls probably significant, 
t Difference from controls highly significant. 


407.3 = 31.1* 338.4 + 19.3+ 


Effects of Antimitotic Agents 


Lot 
PROME TAPHASE 


NUMBER OF MITOSES / 10,000 CELLS 
we 
. 2 


_§ « 


3 
2. 


POSTME TAPHASE 


| EARLY PROPHASE 
10 MIDPROPHASES 
36 PROMETAPHASES 
2 METAPHASES 

1 POSTMETAPHASE 
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VARIATIONS IN ABSOLUTE NUMBERS 
OF MITOSES 


Figure 3 


The results of mitotic variation after treat- 
ment with: 4—%4 Hoagland solution; B— 
50 ppm colchicine; C—6 ppm actidione. The 
mitotic ratios are given graphically according 
to the number of hours of treatment. 


Impairment of spindle function (Figure 5F 
and G) occurred only at non-recovery levels 
of dosage and was invariably accompanied 
by significant amounts of obviously necrotic 
tissue. 

Over a wide range of concentrations acti- 


dione fulfilled D’Amato’s requirements for a 
typical “prophase poison’.*,4 The most 
striking of the several cytological actions ob- 
served was that of preventing prophases from 
advancing to the metaphase stage. This was 
evidenced by a large increase in the propor- 
tion of highly overcontracted prophases to the 
rest of divisions (Figure 64). On the basis 
of chromosome length such figures were 
scored as “stalled” prometaphases despite the 
fact that the individual chromosomes retained 
midprophase orientation within the nuclear 
membrane. This sequence might well be 
illustrated by such mitoses as those in Figure 
4G-I. 

At first glance such mitoses as illustrated 
in Figure 4] might easily be considered to be 
disorganized metaphases in the classical “C- 
mitotic” sense. However, careful study of our 
material in sectioned as well as squash 
preparations makes it quite clear that such 
is not the case. Substantially all such mitoses 
seen in root tips treated with recoverable 
levels of actidione present the picture of 





Figure 4 


A-C—Metaphase, unipolar anaphases and unipolar telophase respectively from roots treated 
with colchicine, 50 ppm for eight hours. D-F—Metaphase and anaphase, telophase and restitu- 
tion nuclei from roots treated with colchicine, 20 ppm for eight hours. G-/—“Stalled” pro- 
phases from roots treated with actidione, 7 ppm for four hours. Each scale division represents 
10 microns. 
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ACTIDIONE AND STREPTOMYCIN AFFECTED DIVISIONS 


Figure 5 


1-i from roots treated with actidione, 6 ppm for four hours. 4, B and C are organized 
but “over-contracted” and J) and £ are “reverting” prophases. /‘-G—‘Akinetic” metaphase 
and anaphase from roots treated with actidione, 16 ppm for eight hours. //-/—‘Stalled” pro- 
phase and “reverting” prophase respectively from roots treated with streptomycin sulfate, 175 
ppm for eight hours. Each scale division represents 10 microns. 
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“AKINETIC® 


TOTAL MITOSES 
ind 
oO 


“OVERCONTRACTED” 


"NECROTIC" 


A shows abnormalities in prometaphase af- 
ter 2, 4, 6 and 8 hours of treatment with col- 
chicine and actidione. B shows metaphase 
abnormalities after the same treatment. 


highly overcontracted chromosomes arranged 
in a typical midprophase pattern just- under 
the surface of a well-defined spherical nucleus. 
This is in contrast to the randomly scattered 
diplochromosomes of such metaphases as illus- 
trated in Figure 5F which are frequently 
noted in material treated with non-recoverable 
levels of actidione. 

Reversion to interphase was noted at all 
prophase stages after two hours of treatment 
and became increasingly important with in- 
creased duration of treatment. (Figure 5D 
and /:). Typically, chromosomes in such cells 
retained good prophase orientation, but  be- 
came diffuse and tended to lose precise out- 
lines. Relaxation. of coiling occurred and 
relationally coiled double chromonemata were 
frequently noted. Reversion was noted in a 
complete range of expression from nearly 
normal cells to what appear to be resting 
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nuclei with just a suggestion of prophase 
chromosome arrangement. 

Four hours of treatment with actidione re- 
sulted in very significant decreases in division 
frequency even at the lowest concentrations 
tested. This preprophase inhibition of divi- 
sions was marked after one-hour exposure to 
6 ppm, and by six hours the number of 
division figures per root tip dropped to such 

a low level that cytological examination be- 
came difficult. As might be expected, the 
proportion of early prophases to total divi- 
sions dropped from about 30 percent in con- 
trols toa negligible value in treated material. 

While no quantitative analysis was made of 
recovered material, tissue that was strongly 
affected after treatment with dosages of acti- 
dione as high as 8 ppm for eight hours ap- 
peared entirely normal 48 hours after re- 
moval from treatment. Despite the very high 
frequency of reverting prophases neither 
mitoses with diplochromosomes nor true poly- 
ploidy were noted in this recovered material. 


3. Streptomycin Effects 

The effects of treatment with streptomycin 
sulfate were very similar to those produced 
by actidione. “Stalled” and reverting pro- 
phases were in evidence (Figure 5H and 5/) 
as well as marked preprophase inhibition of 
mitoses. However, compared to actidione, 
little margin ex xisted between the minimum 
dosage capable of producing cytological 
aberrations and the lethal threshold of this 
drug. As a consequence necrotic changes as 
well as occasional spindle impairment of post- 
prophase figures were evident at all levels 
of dosage producing abnormal mitoses. Pre- 
prophase inhibition of mitoses was the excep- 
tion to this, being expressed at somewhat 
lower dosages (Compare Figure 2C with 
yer 2A and B). 

Chloromycetin Effects 

a ith a LD5o of approximately 750 ppm for 
eight hours of treatment, chloromycetin was 
the least toxic of the three antibiotics. Ex- 
cept for rather erratically expressed prepro- 
phase inhibition of mitosis at sublethal dosage 
levels, this drug had no cytological effect that 
could be separated clearly from necrotic 
processes. 

Salt Effects 

With the exception of colchicine the cyto- 
logical activity of the drugs tested was antag- 


TABLE II. Concentrations in Parts per Million Necessary to Produce Cytological Aberrations and Non-recovery 


after —— Hours 


Drug — Colchicine Actidione 


1% Str. 


Solvent Dist HoO Hoag. Dist H2O 


20 0.5 


15 0.2 


Ca 3 
0.1 to 12 


Cytological threshold 
LDso 
Range tested 


S5toS0 Sto 50 


Y Str. 
— 


Ca 12 
0.2 to 16 


of Treatment 


- Streptomycin — Chloromycetin — 


V4 Str. 


14 Str. I 
Hoag. 


Dist HO —_ Hoag. Dist H2O % Str. Hoag. 


500 
375 
50 to 


750 
850 
100 to 1500 


74 
7.5 
5 to 100 


175 
175 
50 to 400 


400 
600 


50 to 800 750 
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onized by dissolved mineral salts (Table II). 
This effect was very marked in the case of 
streptomycin and was only moderate with 
the other antibiotics. Such antagonism has 
been reported? for the antibiotic activity of 
streptomycin in vitro. This suggests a com- 
mon mechanism between the antibiotic and 
the cytological activities of streptomycin. 
D’Amato’,® has also reported similar salt 
effects with several other prophase poisons. 
Until much more information is at hand with 
respect to these phenomena, no effort will be 
made to interpret them except to point out 
that they suggest a fundamental difference in 
the mode of action of colchicine compared 
to the other drugs tested. 


Discussion 


The Pisum test has demonstrated that the 
toxicity of actidione may well be considerably 
lower than was suggested by earlier work?, 11 
employing the Allium test where dosages 
high enough to produce cytological aberra- 
tions invariably proved lethal to the tissue. 
Over a rather wide range of concentrations 
this remarkable drug causes marked cytologi- 
cal effects which differ in every respect from 
those produced by colchicine. When one 
considers that doses of less than one-tenth 
of the lethal level cause substantially complete 
inhibition of new divisions, as well as causing 
the majority of existing prophases to revert 
to an artificial interphase from which it seems 
unlikely they can again emerge, one can 
justify the suggestion on purely theoretical 
grounds that prophase poisons of the actidione 
type warrant considerable investigations as 
potential antineoplastic agents. It may be 
pertinent here that Klomparens!® found that 
actidione causes some inhibition of growth of 
crown gall tumors in tomato without killing 
the crown gall organisms or causing signifi- 
cant damage to the plants. 

The fact that there appears to be no funda- 
mental similarity between the action of the 
prophase poisons and colchicine, and that 
evidence of spindle impairment was not seen 
in material treated with the antibiotics except 
at dosages high enough to prevent recovery, 
suggest the hypothesis that spindle derange- 
ments caused by drugs other than the true 
polyploidizing agents are actually early stages 
in necrotic degeneration. 

The authors strongly object to the wide- 
spread use of the term “C-mitosis” and sug- 
gest it be reserved for spindle disruption 
caused by the few true polyploidizing agents 


where it can be shown that it is: a) a highly 
specific reaction, b) accompanied by little or 
no prophase disturbance and, c) productive of 
substantial amounts of polyploidy. A general 
term, without any polyploidizing implications 
should be used to describe spindle disturbance 
regardless of cause. “Akinetic mitosis” is 
suggested to describe all sorts of spindle 
disruption and “akinetic metaphase’ and 
“akinetic postmetaphase” would perhaps better 
describe figures showing such disturbance. 
This usage ought not in any way to interfere 
with the use of the term “akinetic chromo- 
some” in limited use today synonymously 
with “acentric chromosome” to describe a 
chromosome without a kinetochore. 
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AGITANS, A NEW MUTATION IN THE 
HOUSE MOUSE 


With Neurological Effects 


Gustavo HOECKER, ALFONSO MARTINEZ, SIMON MARKOVIC AND OLGA P1zzARo* 


RUNEBERG? has summarized 

some 20 instances of hereditary 

derangements of neuromuscular 
behavior occurring in mice. Since this 
account was published, three more ex- 
amples have been recorded, e.g., ataxia 
(Carter and Philips'), a lethal allele of 
dilute (Searle®), and a new gene of the 
“waltzer” group (Falconer and Sierts- 
Roth®). To this list we add agitans, pro- 
posed symbol ag, to be described briefly 
here. It is probable that by special cross- 
ings it may be shown that genes ineffec- 
tive in “ordinary” crosses may produce 
neurological effects. One example of this 
is given by Griineberg.” 


Origin of ag 


This mutation which appeared spon- 
taneously affected three out of eight sibs 
in one litter of rhino albino mice. This 
stock had been moderately inbred since 
1947 when they were sent to the Biologi- 
cal Institute “Juan Noe” from the Mc- 
Gill University of Montreal. The parents 
of the mutants and all the other animals 
of this strain up to that time looked nor- 
mal, so the mutation must have occurred 
some unknown number of generations 
before it became apparent. 


Description of the Character 


Most of the mutants can be recognized 
from 10 days onwards. They have a pro- 
nounced arrest of growth, restlessness, 
generalized tremor and ataxia. Some 
mutants are underweight from their first 
day of life. 

The growth arrest and_all the other 


symptoms are of variable intensity. Some 
animals are much more affected than 
others and these usually become cachectic 
and die when they are 20 to 30 days old. 
Their weight is below 4 gm, which is 
one-half or less than the weight of their 
normal sibs of the same age. Those 
which overcome this critical period, in 
general those with greater weights, may 
live two and occasionally three months. 
During this time a number of them die 
from intercurrent diseases such as diges- 
tive troubles or parasitic infestation, ap- 
parently not affecting their normal sibs. 
Their weight lags below that of their sibs 
of the same age and on the whole they 
look thin and less vigorous, because of 
their marked hypotony and poor muscu- 
lar development. 

Ataxia and restlessness become mani- 
fest when mutants begin to walk. The 
gait of the young mice is characteristic ; 
they walk hurriedly with a stiff legged, 
“insect-like” pace and very often they 
fall over on their sides or their hind legs 
weaken thus collapsing them into a sit- 
ting position from which they rise only 
with difficulty. After one month their 
gait changes and they walk with a “duck- 
like” waddle, the legs being held wider 
apart than in normal mice, (Figure 7). 
Besides the ataxia, tlie co-ordination of 
purposeful movements is impaired. For 
instance, the mouse may make a whole 
series of movements with one extremity 
fixed, which does not participate. This 
symptom (dysmetry ) is difficult to sepa- 
rate from the ataxia. 

Muscular incoordination of the mu- 


*Institute of Biology “Juan Noe” and Institute of Neurosurgery. University of Chile. Par- 
tially financed by a grant from the Rockefeller Foundation for Medical Research. The authors 
wish to express their thanks to Drs. P. A. Gorer and H. Grtineberg for their kind criticism 
and information and to Dr. B. Amos for valuable help in the translation of the manuscript. They 
are also grateful to S. Esquivel, G. Vilches, and R. S. Morgan for help and technical assistance. 

After this paper was in press, two new neurological mutants in the mouse came to our 


knowledge: jumpy, a sex-linked juvenile lethal (Dr. T. C. 


Carter, personal communication) and 


vacillans, a recessive gene with symptoms very similar to agitans, ducky, reeler and ataxia. (Dr. 
J. L. Sirlin, Institute of Biology, “Juan Noe,” Santiago, Chile, personal communication. ) 
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THE AGITANS MUTANT 


Figure 7 


Ataxia in an agitans mutant is shown on the left. 


Note the spreading of the forelegs. 


At the right can be seen the unusual posture of the mutant. The hind legs cross when picked 


up by the tail. 


tants becomes marked in’ swimming: 
when put into water these mice make 
a few disordered and useless movements 
and then quickly sink. 

Agitans mice are restless and very ex- 
citable. Youngsters often move or 
change their position in the nest while 
sleeping. After a disturbance, such as 
transference to a new cage, or hand 
clapping, they remain active for a long 
time, walking about or scratching them- 
selves with swift and nervous move- 
ments, while the normals stay quiet or 
sleep. Agitans mice hear quite well. 

Tremor, the most prominent symp- 
tom, is apparent at 10 davs. A fine 
trembling of the whole body, it may dis- 
appear during rest, becoming more 
marked as the mutants grow older. 
Tremor appears to be intentional ; it in- 
creases during the performance of some 
purposeful movement such as trying to 
escape when restrained. In mice over 
one month of age, both the intensity and 
extent of the tremor is variable. In some 


mice, distracting the animal's attention 
with a powerful light, or restraining 
it by the tail, restricts the tremor to 
the head or makes it disappear entirely. 
In others, the whole animal is affected, 
and such stimuli do not cause the symp- 
tom to disappear. 

A special feature of these mutants, 
which is not observed in the normal, or 
in “shaker” mice consists in crossing 
the hind legs and sometimes also the 
front ones, when picked up by the tail or 
put in dorsal decubitus (Figure 7). 
They sometimes maintain this abnormal 
posture for more than 30 seconds, and 
after they have been returned to the 
normal position, may remain for some 
time with their extremities crossed. This 
feature obviously serves no useful pur- 
pose. 

Some mutants manifest vestibular 
signs of variable intensity. In extreme 
cases the mouse lies on its back or even 
on its head without being able te regain 
a normal position. 
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and dendritic branches in a group of Purkinje cells of an agitans mutant. 240. ( 
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NORMAL AND ATROPHIC PURKINJE CELLS 
Figure 8 
A—Shows normally developed Purkinje’s cells. 240. B—Shows atrophy of cellular body 


Shows a 
D)—Shows atrophic Purkinje cell in 


a mutant, magnified 1000. Oil Immersion. (Cajal’s silver staining.) 


All these symptoms increase with age, 
but their severity may vary considerably 
between families. Even within the same 
litter some mice are more affected than 
others. Mutants surviving for more than 
1'4 months become progressively more 
ataxic, with increasing tremor; feeding 
becomes more difficult for them, and 
those which do not die from intercurrent 
infection, succumb with severe paralysis, 
muscular atrophy and cachexia. 


Genetics of ag 

All agitans mice, both male and female, are 
sterile, although the males at 50 days of age 
may have apparently well developed testes. 
For this reason the recessive nature of this 
gene has been inferred from the pedigree of 
heterozygous animals, and from crossing the 
heterozygotes with normal strains. As can be 
seen in Table I no mutants have arisen on 


crossing heterozygous agitans mice with pure 
normal strains. The number of normals and 
mutants on mating the heterozygous inter se 
is very close to the expected ratio of 3 to 1: 


(5 = 14) 
— = 1S 
S:D. 


The finding that the number of mutants is 
somewhat less than that expected is probably 
due to death of some of them before classifica- 
tion. We have no evidence of death of the mu- 
tants in utero or shortly after birth. 
Experimental crosses between F, hybrids 
segregating for agitans and rhino genes, 
showed a significant lack of the double class 
mutants as none was observed in 69 Fy, micé: 


D 
( — = 21) 
S23, 


This is further emphasized by the lack of the 
double class mutants in more than 150 stock 
mice segregating for both genes. 
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Preliminary crosses with shaker-1 produced 
normal F,, 


Histological Observations 


A preliminary study of the brains of 10 mu- 
tants was made with the following techniques : 
toluidine blue, Grosse’s method modified, and 
the variant of Cajal’s method with nitrate- 
alcohol-piridine. The best results were ob- 
tained with Cajal’s method. 

The main finding consisted in an alteration 
of Purkinje’s cells. With Cajal’s method they 
appear as seen in Figure 83. The cell body of 
these neurons appears to be clearly defined 
but the dendritic tree is narrow, hyperargento- 
phile and without clear branching in its 
proximal part. The arborescence appears at a 
considerable distance and is not well developed. 
In Figures 841 and C can be seen normal Pur- 
kinje cells with strong and highly developed 
dendritic network. 

An analysis of this material by selective sil- 
ver staining shows the outstanding histological 
feature to be underdevelopment of the Purkin- 
je’s cells; from which it would appear that the 
lesion may be fundamentally atrophic rather 
than degenerative. 

These changes are disseminated throughout 
the cerebellar cortex. The lesions are not ex- 
tensive and only small groups of cells are 
affected, (Figures 82 and ).) Furthermore, the 
intensity of the lesions varies from one animal 
to another. Further details will be published 
elsewhere. 


Discussion 


The origin of the characteristic neurological 
symptoms of the mutants just described may 
very probably be traced back to the lesions of 
the Purkinje cells of the cerebellum. This is 
further emphasized by their close similarity 
both in pathology and symptoms to some ap- 
parently hereditary cerebellar ataxias of man 
and of fowl. 

At present it is impossible to classify this 
complex group of genetically determined neu- 
rological derangements of the mouse, as the 
majority of published work gives only a brief 
description of the symptoms and the segrega- 
tion patterns. Its pathology has been investi- 
gated in very few cases. 

However, it is possible to draw some con- 
clusions. Agitans mice differ markedly from 
the shaker and circling group of mutants.7 


TABLE I. 


« agt+;hreb+ 


Mutation in the Mouse 13 


They share the tremor and incoordination of 
movements with trembler,+ jittery? and wab- 
bler-lethal,3 but differ from trembler in that 
this gene is dominant and tremblers are viable 
and fertile. The differences between ag, and 
jittery or wabbler-lethal are less clearly de- 
fined and will need further study. However, 
agitans appears to be a different character as 
the interval before death is more variable, 
and the spasticity and convulsions shown by 
the other three mutants are absent. 

The symtomatology of ag resembles that of 
the mutants, ataxia,! reelert and ducky? in 
that they share the muscular weakness and 
incoordination of movements. These four are 
determined by recessive genes. 

As no account has been given about the 
histopathology of these mutants and no crosses 
have been made between them, it is difficult to 
state their mutual relations. However, there 
are some points which may indicate that agi- 
tans is a different character from reeler, ataxia 
or ducky. Agitans is lethal when homozygous 
and invariably sterile when the mice live long 
enough to be tested. Their tremor is coarser 
than that of reeler and can be made to dis- 
appear. The special crossing of the hind legs 
when picked up by the tail, seems to be a 
further distinctive feature of agitans. It will 
be highly desirable to know the results of 
matings between these mutants. Interaction 
between some of them would be an encourag- 
ing start for a study of factors influencing the 
development of the central nervous system. 

The apparent early lethal action of the ge- 
netical combination rhino-agitans is difficult to 
understand and will be studied further. 


Summary 


Agitans (proposed symbol, ag) is a reces- 
sive, pleiotropic, and strongly deleterious gene 
of the mouse. It can be recognized as early 
as 10 days of age by the under-development, 
ataxia and tremor which is present in all the 
mutants. Male and female agitans are in- 
variably sterile. The main pathological find- 
ing is an atrophy of the Purkinje cells in 
some regions of the cerebellum. Although all 
the symptoms are of variable intensity and 
can even be very mild, the mutants die be- 
tween 20 and 90 days with paralysis and 
cachexia. The symptoms shown differ from 
the well known shaker-waltzer group, and re- 
semble in one or more characteristics three 


Segregation of ag in Various Types of Crosses 


Results 
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new mutations recently described: ataxia, reel- 
er, and ducky. These mutations seem to con- 
stitute a new group of hereditary neurological 
derangements of the mouse. 
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MODERN POULTRY BREEDING 


yom breeding has been greatly ex- 
panded to meet the demand for more 
efficient and specialized production of eggs 
and of meat. The literature dealing with poul- 
try genetics has grown apace and_ breeding 
methods have received increasing attention. 
The changing emphases in breeding and in 
research are reflected in the third edition of 
this standard text by Professor Jull.* It fol- 
lows the general pattern of previous editions 
but has been shortened by over 80 pages with 
most of the reduction in the first three chap- 
ters. The number of chapters has been  in- 
cre ased from 9 to 12 by adding a brief chapter 
on “Gene linkage and blood group antigens’ 
and dividing the discussion of inheritance of 
physiological characters between three chap- 
ters dealing with fertility and hatchability, 
viability and meat production.. The final chap- 
ter on selection methods, written by Professor 
C. S. Shaffner is completely new and, with 
the rearrangement revisions and expansion of 
parts of other chapters, considerably enhances 
the value of the book as a poultry breeding 
text and reference 

In the new edition tabular material has been 
greatly reduced while illustrations have been 
increased. The illustrations are good and 


*Poultry Breeding. Morley A. Jull. 
1952. 398 Pages. $6.00. 


John Wiley and Sons, Inc., New York. 


should increase the popular appeal of the book 
since it is obviously intended for use in classes 
where a minimum of prerequisites are re- 
quired. That the text is intended to provide 
all or most of the information needed for its 
intelligent perusal is indicated by the brief but 
adequate discussion of breeds in Chapter 1 
and the review of elementary genetics in 
Chapter 3. The problems at the end of each 
chapter are a useful feature. 

Much of the material is highly technical and 
compressed. The brief treatment with a mini- 
mum of interpretations, leads to some ap- 
parent contradictions. lor example, three re- 
ports of differences in sex ratios of different 
breeds and strains are cited on page 71 and 
two other references on the next page, several 
paragraphs removed, to the effect that “the 
tendency to produce a preponderance of either 
sex is not inherited.” 

One of the strong features of the book are 
the extensive and up-to-date lists of refer- 
ences at the end of each chapter. Thus Chap- 
ter 2, which has much information, about the 
physiology of reproduction, skillfully com- 
pressed into 24 pages, has over seven pages of 
“selected literature references”, of which over 

(Continued on page 41) 
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TETRAPLOIDY IN VEGETATIVE SHOOTS 
OF THE APPLE 


Induced by the Use of Colchicine 


A. W. 


ETRAPLOID varieties of apples are 

required for use as parents in one 

part of the apple breeding program 
of the Division of Horticulture, Central 
Experimental Farm, Ottawa, Ontario, 
Canada, Spontaneous tetraploids have 
been reported in several varieties,*: * °°? 
but tetraploids of still other sorts are 
needed for this project. 

Methods of producing _ tetraploid 
apples by treating seeds and small seed- 
lings with colchicine have already been 
described... Dermen' produced tetra- 
ploids of named varieties of pears and 
apples by treating terminal buds with 
colchicine dissolved in a water-glycerine 
solution, but when applied to apples at 
Ottawa, this solution caused extensive 
damage to the stem tips.t Several 


modifications were tried, and from these 
the following technique was devised 


which resulted in considerable success 
with a series of apple varieties. 

The diploid varieties were budded on a 
suitable rootstock in August. Just before 
freeze-up the budded stock was lifted, planted 
in 8-inch pots, and stored during the rest 
period in a root cellar at a temperature just 
above freezing. In early January the potted 
trees were transferred to a cool greenhouse 
(night temperature 45°F.). Under these con- 
ditions, bud-break occurred in a few weeks. 
When the new shoot reached a length of 8 to 
12 inches, the terminal bud was exposed and 
colchicine in an agar gel contained in a 
waterproofed gelatin capsule was applied. A 
solution of one percent colchicine in 0.65 per- 
cent agar in water was used. The large end 
of a No. 000 gelatin capsule was the best 
size for this work. <A _ satisfactory water- 
proofing solution was made from. sufficient 
celluloid clippings dissolved in equal parts 
of amyl alcohol and amyl acetate to give a 
thin syrupy liquid. The capsules were dipped 
into this solution and left to dry for 24 hours. 


*Division of Horticulture, Central 


Experimental Farm, 


. HuNTER* 


For convenience in identifying the water- 
proofed capsules, the solution was colored by 
adding a few drops of safranin dissolved in 
absolute alcohol. The melted agar solution, 
which should be no hotter than body tempera- 
ture, was filled into the capsules with a hypo- 
dermic syringe with no needle attached. 

The preparation of the stem-tip and appli- 
cation of the capsule are illustrated in Figure 
9. As many as possible of the small leaves at 
the tip) were removed with a pair of fine 
forceps. The filled capsule was gently forced 
over the prepared bud and left in position 
until the agar solution dried out. This 
usually took less than 24 hours. _ Initially, 
growth of the terminal buds was _ inhibited 
by the colchicine treatment. Axillary shoots 
that developed below the point of treatment 
were removed regularly to force the growth 
of the terminal bud. 

Colchicine treatment of the stem-tips of 
woody plants usually results in the forma- 
tion of cytochimaeras. The identification of 
tetraploid sectors and their propagation is the 
most difficult part of the work. Dermen? did 
not recognize tetraploid sectors on some of 
his colchicine treated apples until seven years 
after treatment. Tetraploid sectors were 
identified in a much shorter time in the 
present experiment. The procedure was to 
measure the stomata in the lower epidermis 
of the leaves on the shoot which developed 
from the colchicine-treated bud. Stomata in 
diploid epidermis were from 30 to 40u in 
length. All the varieties examined were quite 
uniform in this respect. In tetraploid epi- 
dermis the stomata measured from 40 to 52u 
in length. A spot of paint was placed on the 
stem below the node of those leaves, the 
lower epidermis of which was tetraploid 
determined by stoma size. <A tetraploid epi- 
dermis does not necessarily signify tetraploid 
internal layers, but it was observed that 
treated branches whose leaves had diploid 
epidermis, rarely bore flowers with large 
pollen grains. 

The next spring before resumption of 
growth the stem of the plant was cut off 
above the topmost spot-marked node, and 
lateral shoots were allowed to form only 


Ottawa, Ontario. Contribution 


No. 817 from the Division of Horticulture, Experimental Farms Service, Ottawa, Ontario. 
In a personal communication, Dr. Dermen advises that in his experience 0.5 to 1.0 percent 


colchicine in a 10.0 percent aqueous solution of glycerine, 


with two drops of 10.0 percent 


Santomerse to 10 cc. of colchicine-glycerine solution, may be used on apple stem tips without 


causing undue injury. 
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TREATMENT OF APPLE SHOOT WITH COLCHICINE 
Figure 9 


A—Shows a rapidly growing shoot before treatment; B—The leaves at the growing point 
have been removed with a pair of fine forceps; C—The waterproofed gelatin capsule containing 
the colchicine in an agar gel has been gently forced over the prepared bud. 


from those nodes marked as having subtended 
leaves with large stomata. In some varieties 
many of the nodes produced flowers the second 
year after treatment. Size of pollen grains was 
used as an index of ploidy in the second layer. 
The pollen grains from diploid tissue measured 
from 40 to 46u in diameter, while those from 
tetraploid tissue were 52 to 60u in diameter. 
Diploid portions of the branches distal to the 
tetraploid tissue were cut away, and the 
flowers were removed from the tetraploid 
spurs. The plants were given an application 
of fertilizer to force the tetraploid spurs into 
vegetative growth. This growth was later 
examined for stoma size and leaf shape and 
thickness. If tetraploid characters were 
present, most of the buds were used for 
propagation that summer. 

The following data give an indication of 
the effectiveness of this technique. Colchicine 
was applied to 159 buds on 11 varieties, some 
in 1949 and some in 1951. Eleven buds were 
killed, but shoots were produced on the re- 
maining 148. Ninety-three of these shoots, 
distributed over the 11 varieties, bore at 
least one leaf with large stomata. Lateral 
branches were allowed to grow from the 
nodes subtended by leaves with large stomata. 
Flowers developed on the laterals of 70 of the 
above 93 shoots, and on 22 of these at least 
one blossom spur had flowers whose anthers 
contained large pollen grains. Fifteen of 
these 22, representing the nine varieties 
Elmer, Joyce, Logsdail, Melba (Pate red 
strain), Northern Spy (Kinkead red strain), 


Ottawa No. 244, Patricia, Spartan and Trail, 
produced tetraploid shoot growth, judged by 
stoma size, and leaf size, shape and _ thick-. 
ness. These were propagated by budding in 
1951, 1952 or 1953. 

Thus in the second and third years from 
colchicine treatment, trees have been propa- 
gated from tissue which it is believed will 
behave as tetraploid in breeding. As soon as 
sufhicient material is available, stem tips will 
be examined to determine the distribution of 
the tetraploid tissue. 
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A TEST FOR HETEROZYGOUS 
DELETERIOUS RECESSIVES 


SHELDON C, REED* 


ULLER' has estimated that the 
M average human being carries 

about eight deleterious muta- 
tations and that at least one gamete in 
10 contains a new mutation. These cal- 
culations are of extreme importance to 
everyone interested in mankind, both 
practically and academically. The calcu- 
lations should be tested by direct ob- 
servation, if at all possible. 

A method by which one could test for 
the approximate number of _heter- 
ozygous deleterious recessives carried 
by the average person has occurred to 
the writer. The method would be used 


to test only for congenital abnormali- 
ties such as harelip, spina bifida, club- 
foot and similar defects observable at 
birth, presumably recessive in their in- 
heritance, and not expressed in either 
parent of the child. 


The test material would be the chil- 
dren of father-daughter matings and 
brother-sister matings, the father-daugh- 
ter type being more useful. It might 
be thought that the results of such 
matings would be available already from 
historical descriptions of the Egyptian 
dynasties, but such is not the case. 
However, there is such material de- 
posited in the files of adoption agencies. 
Furthermore, the records of the adop- 
tion agencies usually start before the 
birth of the child and thus an unbiased 
sample may be obtained in regard to the 
defects which appear later. 

If a man is heterozygous (Aa) for 
a recessive defect, the chance that his 
daughter will also carry the gene is one- 
half, and the chance that a child born 
to the mating will be homozygous for 
the defect (aa) is one in eight, or 12.5 
percent. If the man is heterozygous for 
two recessives (AaBb) then the chance 
that the child by his daughter will have 
one or both defects in the homozygous 


condition is 23.4 percent. If the father 
were heterozygous for eight deleterious 
recessives the chance that his child by 
his daughter would be homozygous for 
at least one of the recessives would be 
equal to 1-(7/8)® or 65.6 percent. An 
appreciable percentage of such chil- 
dren would be homozygous for several 
abnormalities and these might be the 
“monsters” which are so difficult to in- 
terpret according to usual genetic 
thought. 

The essential point of the above is 
that if the average man is heterozygous 
for as many as eight recessive congenital 
abnormalities, then two-thirds of his 
children born to his daughters will be 
homozygous for one or more of the ab- 
normalities. Two out of three of the 
children born to girls made pregnant 
by their fathers should show at least one 
abnormality. If the man is heterozy- 
gous for only one recessive congenital 
abnormality, then only one child in eight 
from this incestuous mating would be 
expected to display the abnormality. 
By determining the percentage of chil- 
dren with congenital abnormalities from 
this type of mating, one could then esti- 
mate the number of congenital ab- 
normalities for which the average man 
is heterozygous. 

The congenital abnormalities would 
not necessarily be lethal, as would the 
genes considered by Muller in his calcu- 
lations. However, the results which 
might be obtained for the congenital ab- 
normalities would give an idea as to 
whether or not Muller’s estimate is of 
the right order of magnitude. 

There is one related concept which 
might be considered. There are a num- 
ber of congenital abnormalities of an 
apparently recessive nature, such as 
harelip and fibrosis of the pancreas, 
which have a frequency of about one 
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affected homozygous person in each 
1000 births. Consequently the chance 
that any person is heterozygous for a 
particular one of these genes is 6.25 
percent. If there were only eight such 
congenital abnormalities in existence, 
every person would have a 40 percent 
chance of being heterozygous for at 
least one of them. However, the chance 
of a person being heterozygous for all 
eight of them is (1/16)® an extraordi- 
narily small number. In order that there 
be a reasonably large chance that the 
average person be heterozygous for as 
many as eight recessive abnormalities, 
each of which has a frequency of about 
one homozygote in every 1000 births, 
there would have to be an unreasonably 
large number of different congenital ab- 
normalities for which the frequency is at 
least one homozygote in every 1000 


eR 


a re 


births. No such large number of con- 
genital abnormalities is known. How- 
ever, one cannot exclude the possibility 
that there is such a number of lethals 
of the types considered by Muller, 

In summary, an examination of the 
children from father-daughter matings 
would be expected to give a_ con- 
siderably higher proportion of recessive 
congenital abnormalities than is found 
in the general population. One could 
make a rough estimate of the number 
of recessive genes causing congenital 
abnormalities that the average person 
carries, from the percentage of affected 
children produced by the father-daugh- 
ter matings. 
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Fundamentals of Biology 


rypuuts book* is a text produced collectively 

by a group of biological science teachers 
representing zoology, entomology, botany and 
bacteriology at the Kansas State College. It 
is designed for use in a two semester 8 credit- 
hour course covering the general field of the 
biological sciences especially for non-special- 
ists. 

In 20 
topics as the 


cover such 


scope of 


chapters the authors 
nature, value and 
biology; the living world about us; naming 
and classifying plants and animals; the 
substance of life; growth and differentiation 
in plants and animals; digestion; respiration ; 
the framework of organisms; its origin and 
function; co-ordination, neural and chemical ; 
reproduction ; heredity and evolution. 

There are numerous charts, graphs, tables 
and photographs. An appendix includes a 
synoptic review of the plant kingdom and of 
animal phyla. 


This will no doubt be a useful textbook 
for the students for whom it was designed. 
However, this reviewer believes that a subse- 
quent edition could be improved by providing 
more historical background material than has 
been included. This incidentally is a fault 
not peculiar to this book. What seems to be 
overlooked by many writers of texts for 
the so-called non-specialist is that a proper 
account of the historical development of our 
knowledge of science is one of the best ways 
of presenting science to beginners. Another 
feature which could well be added is a chap- 
ter on the literature of the biological sci- 
ences. This might help correct the impression 
common to many students that the recorded 
knowledge of a subject like biology can be 
compressed between the covers of a 600 page 
book. 

Morris C. LEIKIND 
Washington, D. C. 


*Fundamentals of Biology. Edited by M. J. Harbaugh and A. L. Goodrich. New York, 
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PEARL, A NEW SPONTANEOUS COAT AND 
EYE COLOR MUTATION 


In the House Mouse 


PATRICIA ANN SARVELLA* 


N the eighth generation of brother- 
sister mating at this laboratory of 
the inbred C3H strain of mice ob- 
tained from W. E. Heston in 1948, there 
appeared two light colored animals (male 
and female) in a litter of six. These two 
animals when mated together produced 
progeny all like themselves in appear- 
ance. The new type was named pearl 


(pe). 
Description 


In pearl animals, the pigmentation of 
the entire hair is diluted, the base of the 
hair being affected to a disproportionate- 
ly greater degree than the tip. Snout, 
ears, feet, and tail are considerably light- 
er in pearls than in the C3H strain, and 


the yellowish mask about the eyes char- 
acteristic of our C3H strain is diluted 
to near-white in pearls. Occasionally a 
long, narrow white streak appears along 
the mid-ventral line in both the homo- 


zygotes and heterozygotes. Newborn 
pearl young can be distinguished from 
their typical agouti littermates by the 
smaller amount of pigment present in 
their eyes. No distinction in eye color 
can be made externally in the adults 
(except in combination with bb, see be- 
low.) 

Pearl has been obtained on nonagouti 
black (aaBB), nonagouti brown (aabb), 
and yellow (A’ABB, A*abb) back- 
grounds. The aaBBpepe animals are su- 
perficially almost indistinguishable from 
aaBBruru; on blowing up the fur, how- 
ever, they may be identified by the very 
much lighter base of the hair. The coat 
color intensity of aabbpepe resembles that 
of aabbcc*. The effects on eye color of 
pepe and bb are additive, adult aabbpepe 


having eyes of a definitely ruby cast. 
On a yellow background (’abbpepe), 
the action of pearl is similar to that of 
cc, producing a cream-colored fur. 
When sootiness is present, as it appar- 
ently is in our A*ABBpepe, a consider- 
able portion of the hair may be involved, 
leaving only the bottom quarter of the 
hair cream, the rest being pale gray. Yel- 
low pearls show the tendency to obesity 
on aging typical of the A” gene. In sum- 
mary, it may be stated that pearl dilutes 
all of the main types of pigment: yellow, 
sepia, and brown. 

It was noted that pearl females had 
a tendency to die during pregnancy or 
while nursing. Five pearl females out 
of 37 were sterile. The average size of 
litters of pepe mothers is smaller than 
that of Pepe mothers, both at birth and 
at weaning (Table I). Summing the 
different types of mating (with pepe and 
Pepe males), pepe females average 
3.97 + 0.16 young at birth, or only 77 
percent of the litter size produced by 
Pepe females, who averaged 5.15 + 0.18. 
There is a further loss in the number 
raised to weaning, at which time the lit- 
ters of pepe mothers are only 66 percent 
as large as those of Pepe mothers 
(3.09 + 0.18 and 4.67 + 0.18 respec- 
tively). Because of these factors, the 
stock is maintained by mating pepe males 
with Pepe sisters. 

Genetics 

Judging from its original occurrence, pearl 
could have been either a simple recessive gene 
or a dominant with incomplete penetrance. 
The fact that matings of pearl & pearl yielded 
nothing but pearl (Table II) proved it to be 
the former. Matings of Pepe * pepe gave no 
significant difference from a 1:1 ratio (t = 
1.7), and crosses between two heterozygotes 
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produced a good fit to a 3:1 ratio (t = 0.7) 
(Table Il), indicating normal viability of 
pearls. This is also borne out by the fact. that, 
for either type of mother (pepe or Pepe), the 
proportion of young surviving from birth to 
weaning is not reduced in crosses which yield 
a higher percentage of pearl young (thus, in 
the last column of Table I, the cross pepe ? 
pepe & compares favorably with pepe ? 
Pepe &, and the cross Pepe 9 X pepe 8 
compares favorably with Pepe 9 * Pepe @). 

To test whether there was an indication of 
partial sex-linkage, the data for the cross of 
Pepe & X pepe Q@ (Table II) were sub- 
divided according to the derivation of the 
male. If partial sex-linkage were present, 
Pepe males derived from pepe mothers should 
produce a preponderance of Pepe sons and 
pepe daughters; and those derived from Pepe 
mothers, a preponderance of the reciprocal 
classes. These various classes are, however, 
not found to be favored since, summed, they 
constitute 49.2 percent (62 out of 126) of the 
total progeny. There is, therefore, no indica- 
tion of partial sex-linkage. 

Pearl was tested for allelism against the 
following: albino (c*), nonagouti (a), pink- 
eye (p), piebald (s), leaden (Jn), silver (st), 
ruby (ru), brown (b), dilute (d), misty (m), 
taupe (tp), and grizzled (gr). In every case, 


of Heredity 


only wild type young were born when pepe 
was crossed with one of the above genes in 
homozygous condition. 


Summary 


Pearl (pe) is a simple autosomal recessive 
mutation which dilutes yellow, sepia, and 
brown hair pigments as well as the pigmenta- 
tion of the eyes. Viability until maturity is 
good, but pearl females have a tendency to die 
during pregnancy and lactation, and even the 
survivors make poor mothers. The mutation 
occurred spontaneously and is not allelic to 
12 color genes tested. 


TABLE II. Types of offspring obtained from various 
pearl crosses 


Young obtained* 


Type of Mating Pearl Agouti 
g ro os 2 


pepe X pepe 140 0 
pepe X Pepe 32 35 
Pepe X pepe 75 86 
Pepe X Pepe 14 43t 


*Classified at weaning age. 

+Of these, 42 were tested and found to be 30 Pepe, 
12 PePe. 

tOf these, 29 were tested and found to be 22 Pepe, 
7 PePe. 


TABLE I. Average litter size at birth and at weaning in various pearl matings 


Number of: 


Type of Mating 
2 fol Mothers Litters 


gee 98: pepe oom 32 95 
pepe X Pepe 19 42 
Pepe XK pepe 33 80 
Pepe X Pepe 16 46 


Average Litter Size 


Birth Weaning Weaned 


3.14 80.5 
3.09 
3.00 
4.36) 

\ 4.67 
5.20 J 


(Received August 3, 1953) 
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CHROMOSOME NUMBERS AND EXPERI- 
MENTAL POLYPLOIDY IN THE PIG 


Leo Sacus* 


TUDIES on the chromosomes of farm 
animals are both of theoretical and 
of practical importance. Compari- 

sons between the chromosomes of wild 
and domesticated forms, and between 
the chromosomes of different varieties, 
can throw new light on the origin of 
farm animals. Studies on the genetics 
of economic and other characters, and 
on the possibilities of practical breeding 
by the production of polyploids, also re- 
quire a knowledge of the chromosomes. 
But as the basis for these studies it is 
first of all necessary to know the cor- 
rect chromosome number of the animal. 
The pig is of special interest in this 
respect as there have been differing re- 
ports on the chromosomes of this farm 
animal. It has recently been reported 
that certain varieties of the pig contain 
widely ditferent chromosome numbers," 
and there have also been reports of the 
experimental production of a polyploid 
pig.? 

The existence of this chromosome 
variation between ditierent varieties and 
the production of an adult polyploid pig 
would be facts of interest both for 
cytogenetics and for practical animal 
breeding. The present study was there- 
fore undertaken in order to examine 
these reported chromosome differences. 

The animals used in the present in- 
vestigation came from Sweden and from 
England. The Swedish material was 
fixed in Sweden and sent to me by Dr. 
O. Venge of the Royal Agricultural 
College, Uppsala, and the English ma- 
terial was obtained through Mr. H. 
Wertheimer of Westfield Farm, York- 
shire. The cytological study was car- 
ried out on cells from the seminiferous 
tubules of the testes. Mammalian 
chromosomes have often been considered 
especially difficult to study, but it has 
been shown in a number of mam- 
mals!®. 17 that fixation in acetic-alcohol 


followed by the use of Feulgen squashes 
can give satisfactory results. Pieces of 
seminiferous tubules were therefore 
fixed in 1:3 acetic-alcohol, transferred 
to 70 percent alcohol, and sent to me 
in 70 percent alcohol. Although this was 
not as good as freshly fixed material, it 
was nevertheless possible to make chro- 


mosome counts. Chromosome examina- 


tions were made by the use of Fuelgen 
squashes. 


The Chromosome Number of Different 
Varieties 


The most frequently reported chromosome 
number for the pig is 2n = 38. This number 
has been reported by Krallinger, Bryden, Hil- 
lebrand, Crew and Koller,? Muldal,!* and Mel- 
ander.1! Melander!! has reported that the 
Yorkshire variety has 2n = 38, that the “Old 
Swedish” variety only has 2x = 30, and that 
crosses between the Yorkshire and “Old Swed- 
ish” have varying chromosome numbers rang- 
ing from 30 to 36 per pig. 

These reported chromosome differences 
would be of special interest since what are 
now called the “Old Swedish” and Yorkshire 
varieties in Sweden are closely related, are 
able to interbreed, and can produce fertile off- 
spring. Dr. Venge has informed me that what 
is now called “Old Swedish” is an improved 
variety of a Scandinavian landrace, and that 
the improvement has probably been brought 
about by the use of at least some Yorkshire 
ancestry. The Yorkshire variety in Sweden is 
closely related to what is now called the 
Large White variety in England, and the 
Large White and “Old Swedish” are also able 
to interbreed. The three varieties Yorkshire, 
Large White, and “Old Swedish’, therefore 
all have some common ancestry. 

In order to check on the reported chromo- 
some differences between these closely related 
varieties, I have examined the chromosomes 
of three animals of the “Old Swedish” variety, 
and of one animal each of a Yorkshire “Old 
Swedish” cross made in Sweden and of a 
Large White “Old Swedish” cross made in 
England. | find, however, that all the animals 
have chromosome numbers of 2n — 40, and 
that there is no evidence of any chromosome 
variation. The present chromosome deter- 
minations are thus in contradiction to those 
reported by Melander.!! 
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It has previously been found that some re- 
ported chromosome differences in certain 
other mammals may be due to the use of in- 
adequate cytological techniques.15,16 This 
may also apply to the reported differences in 
the chromosome number of the pig. Another 
possible explanation is that different animals 
possess different numbers of accessory or B 
chromosomes. These B chromosomes are 
known to exist in various species both of 
plants and of animals.19 They may vary in 
number in different individuals, and they can 
accumulate to a considerable extent within an 
individual without any apparent effect upon its 
survival. Whereas the crossing of individuals 
with different numbers of the ordinary A 
chromosomes normally produces some degree 
of sterility, individuals with different numbers 
of B chromosomes can be crossed without a 
reduction in fertility. But there is no evidence 
that any of the pig chromosomes show the 
behavior which is characteristic of B 
chromosomes. It is therefore more probable 
that the reported chromosome variation in the 
pig has been due to the use of inadequate cyto- 
logical methods. 

Makino* has shown that 2n = 40 is the cor- 
rect chromosome number for Japanese varie- 
ties of the pig. The present counts show that 
2n = 40 is also the correct chromosome num- 
ber for other varieties. 


The Experimental Production of 
Polyploids 


The discovery of colchicine as an effective 
agent for the doubling of chromosomes has 
acted as a great stimulus in the production of 
polyploids. Many experimental polyploids 
have now been produced in plants where the 
use of chemicals such as colchicine or ace- 
naphthene has almost completely superceded 
the use of temperature shocks as_ effective 
agents for chromosome doubling. This is 
however not the case in animals where tem- 
perature shocks are still frequently used. The 
largest number of experimental polyploids in 
animals has been produced in amphibians by 
the use of temperature shocks.4. In mammals 
3% day-old polyploid mouse embryos have 
been produced by this method.1| But the only 
reports of adult experimental polyploids in 
mammals have involved the use of colchicine. 
Thus the experimental production of adult 
“nolyploids” of the pig,?.11 and the rabbit,5. 6. 1° 
have both involved the insemination of a 
sperm solution containing colchicine. The 
colchicine is supposed to induce a doubling of 
the chromosome number in the egg which on 
fertilization with the normal haploid sperm 
could then produce a triploid animal. 

The experimental “polyploid” pig has been 
produced by this colchicine method from the 
progeny of hybrids between the Yorkshire and 
the “Old Swedish” varieties. Melander!! has 
concluded that this animal has about 47 
chromosomes, and that the number 47 was the 
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CHROMOSOMES OF THE PIG 
Figure 10 


A and B shows photomicrographs of two 
cells in the testes of a hybrid between the 
Yorkshire and “Old Swedish” varieties of the 
pig. (2n = 40.) Camera lucida drawings of 
these cells are shown in Figure 11. Feulgen 
squash. (Approximately 3000.) 


result of fertilization of an egg with 2 K 16 = 
32 chromosomes by a sperm with 15 chromo- 
somes. Approximately similar results with 
this animal have been reported by Haggquist 
and Bane,? but their photographs show the 
inadequacy of their cytological technique. In 
addition, the assumed polyploidy of this pig 
is based on the existence of different chromo- 
some numbers in different varieties, and on 
the existence of 2n = 30 as the chromosome 
number of the “Old Swedish” variety. But it 
can now be seen that there is no chromosome 
variation and that the correct chromosome 
number in different varieties is 21 = 40. The 
evidence for experimental polyploidy in this 
pig is therefore not founded upon a firm 
factual basis. The evidence for the experi- 
mental production of an adult “triploid” rabbit 
should also be examined in the light of the 
chromosome condition in the pig. 
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CHROMOSOMES IN OUTLINE 


Figure 11 


A and B shows camera lucida drawings 
of the two cells shown in Figure 10. 


Since it has been shown that polyploidy is 
a definite factor in mammalian evolution,!> 
there are no general theoretical directions to 
the production of experimental polyploids in 
mammals. It is however known from the 
many polyploids which have been produced in 
plants that there are optimum chromosome 
numbers above which the organism is unable 
to survive. Some of the experimental poly- 
ploids in plants can be of economic value, and 
the most striking success has so far been 
achieved with the use of tetraploids derived 
from diploid rye.13 But the diploid rye has 
a chromosome number of only 2n = 14, so 
that the experimental tetraploid still has the 
relatively low chromosome number of 2n = 28. 
In the case of higher chromosome numbers in 
plants, such as wheat with 2n = 42, the induc- 
tion of polyploidy, even of allopolyploidy, pro- 
duces more complex results? 14,18 which are 
more difficult to apply economically. Farm 
animals have rather high chromosome num- 


bers with 2n = 66 for horses, 2n = 600 for cat- 
tle and goats, 2n = 54 for sheep,® and 2n = 40 
for pigs. Therefore, even though it might be 
possible to produce polyploid farm animals 
their chromosome numbers would be so high 
that only further experiments could show how 
far they would be of economic value. The pig, 
which has the lowest chromosome number 
among farm animals, would be the most suit- 
able experimental animal as a subject for 
future research. 

The production of adult experimental poly- 
ploids in mammals is therefore still an open 
field of study. And although the induction of 
polyploidy may not be of immediate economic 
value, the definite experimental production of 
an adult polyploid mammal would be of great 
theoretical importance both for cytogenetics 
and for an understanding of mammalian de- 
velopment. 


Summary 


A study of the chromosomes in the pig has 
shown no evidence of different chromosome 
numbers: in different varieties. 2n = 40 is the 
correct chromosome number both for the “Old 
Swedish” and for other pig varieties. The 
production of experimental polyploids in 
mammals is considered as a definite possi- 
bility. But the establishment of chromosome 
constancy in different varieties makes it 
doubtful that an experimental polyploid has 
been produced in the pig. 
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Interspecific Hybridization between Muskmelon and Cucumber 


Reesty 3atra! attempted to secure inter- 
specific hybrids between cucumber, Cu- 
cumis sativus L., and muskmelon, C. melo L. 
Although he failed to obtain viable seeds 
between either diploids or tetraploids of these 
species, he did note, as have previous investi- 
gators, that fruit development did sometimes 
occur, and suggested the possibility of using 
embryo-culture to overcome the sterility bar- 
rier. 

An attempt to secure cucumber-muskmelon 
hybrids by means of embryo culture was made 
recently. It seems desirable, in view of 
Batra’s comment, to put these results on 
record. 

Pollinations were made on_ field-grown 
plants of cucumber, var. Cubit, and of musk- 
melon, var. P.M.R. #45 during late July 
and August, 1947. All flowers used in 
pollinations were covered by paper bags be- 
fore opening, and female flowers were covered 
again following pollination. All unbagged fe- 
male flowers were removed. 

Initial pollinations in either direction failed 


Reciprocal Pollinations Between Cucumber 
Treatment ,1 Consisted of oo 
an 


TABLE I. 
and Muskmelon. 
butyric Acid and 4-chlorophenoxyacetic Acid 

Treatment 2 of inertia Acid. 


No. fruit set 


Treatment No. Pollinations 


c. sativus Q 3 Cc. canis fos 
None 60 
1 100 
2 1 35 


c. melo Q X Cc. sativus rom 


None ry 
1 110 
2 120 





completely to set. To overcome this, two 
hormone pastes were used, one composed of 
0.8 percent indolbutyric acid plus 0.2 percent 
4-chlorophenoxyacetic acid, and the second of 
4-chlorophenoxyacetic acid alone. Each was 
made into a lanolin paste at a 10 ppm con- 
centration and was applied to the pedicel at 
the time of pollination. The results are 
shown in Table I. 

Good set was obtained with both hormone 
mixtures when cucumber was the female 
parent, but only two fruits were obtained 
with muskmelon as the female. The fruits 
were allowed to develop for approximately 
six weeks, and most reached a fairly normal 
size. The fruits contained an abundance of 
seed with well developed seed coats. These 
seeds, however, were filled with a gelatinous 
material but contained no visible trace of 
developing embryos. 

Whether seed development resulted from 
pollination or from the hormone stimulus 
was not determined. The effects of hormones 
on unpollinated flowers of many crops, how- 
ever, have been the development of partheno- 
carpic fruit. The lack of fruit without hor- 
mones and the lack of seeds containing 
embryos when hormones were used give little 
encouragement that crosses between C. sati- 
vus and C. melo can be made by breeding 
techniques now available. 
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TWO NEW MUTANTS IN THE TOMATO 


Propeller and Rosette 


L. BUTLER 
University of Toronto 


radiation the seed of the Earliana 

tomato. This treatment produced a 
number of mutants, three of which have 
already been named and placed on the 
linkage map. These X-ray mutants 
were mottled in group I, bushy in group 
VI, and narrow cotyledon in group X. 
Many of the other mutants proved in- 
viable or else appeared to be chromo- 
some aberrations. The two seedling 
characters dealt with in this paper ap- 
pear to be good “point” mutations. 


L: 1929 MacArthur? exposed to X- 


Description of Mutants 

Rosette, ro, is characterized by ex- 
treme reduction of the imternodes so 
that all the leaves emerge from the 
region just above the cotyledons. The 
mutant never flowers, but one or two- 
year-old plants do occasionally produce 
vestigial flower buds. Old plants with 
50 to 100 nodes rarely reach a height 
of six inches as opposed to normal 
ones of similar age which reach a 
height of 10 to 15 feet. Cotyledons are 
persistent for a long period but never 
become enlarged, and the hypocotyl is 
shortened. Axillary branching is also 
suppressed ; the few side shoots of this 
mutant present an extreme contrast 
with the mutant bushy (bw) that arose 
in the same X-rayed stock. A _ pleio- 
tropic effect of the ro gene is the re- 
duced branching of the roots. Usually 
this mutant produces a single tap root 
as shown in Figure 12 which contrasts 
greatly with the mass of rootlets in 
normal plants of the same age. The 
leaflets in this mutant are narrower than 
in normal plants. 

Propeller, pr, is characterized by 
large persistent cotyledons which when 
viewed from above have a superficial 
resemblance to the blades of a propeller. 
The plumule is retarded and for the 
first three weeks the plants appear to 
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PROPELLER, NORMAL AND ROSETTE 
PLANTS 
Figure 12 
From left to right are shown propeller, nor- 
mal and rosette plants of the same age. Note 
the single tap root and shortened hypocotyl of 
the rosette mutant. 


be without any plumule. During this 
time the hypocotyl becomes elongated, 
then a callous formation develops in 
the axil of the cotyledons. This callous 
elongates and forms the twisted curly 
leaves and the distorted stems of this 
mutant. The plant never grows more 
than six inches high and the cotyledons 
remain a conspicuous part of its mor- 
phology and photosynthetic apparatus. 
The mutants usually produce one to 
three flower clusters but these rarely 
set fruit. After flowering the plant 
usually dies. 
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ROSETTE, NORMAL AND PROPELLER LEAF SHAPE 
Figure 13 
Rosette is characterized by extreme reduction of the internddes so that all the leaves emerge 
from the region just above the cotyledons. Propeller is characterized by large persistent cotyle- 
dons, showing an obvious resemblance to blades of a propeller. The rosette mutant never 
flowers, and propeller produces only one to three flower clusters but rarely sets fruit. 


TABLE I. Dihybrid Segregations of the Mutants and Inheritance and Linkage 
/arious Tester Genes 
ee . = The segregations given in Table [I show 
ikage ester* . . 
group Dihybrid segregation x? that the monohybrid ratios for rosette are 
: : not good, there being a deficiency in the num- 
Rosette ro Tester Linkage be f ¥ A This ld have bee th 
I d@ 782 342 235 11 41.20 4.50 70.13 yer of mutants. us could have been the 
II] ¢ 432 132117 42 3.49 0.34 ~~ 0.61 result of inadvertently including seed from 
vr : iy Aes ytd o oe = 4 F, plants which were not heterozygous for ro, 
VI H 432144 7323 41.14 Ol ‘02 ‘but since all Fy plants were progeny tested 
VII al 481.173 80 29 46.71  .88 .04 it is unlikely that any seed homozygous tor 


Ro but heterozygous for the testers was 


— 793 275 254.66 2°80 0.14 «= 3,.20:~=Ss Saved. Furthermore the original monohybrid 
VII H 630 209 175 60 5.57 0.00 0.07 tests with X-rayed seed give 462:105 with a 
Vil al 872 263 252 91 2.49 0.87 1.60 chi-square of 12.7 indicating a deficiency of 


* All crosses in the repulsion phase except those involving H. rosette seedlings. Since the mutant character 
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is so definite there is no chance of misclassi- 
fication, and we must conclude that the mutant 
has less viability than normal. Because this 
mutant lacks a normal root system it probably 
has less chance than a normal plant of 
raising the hypocotyl and casting off the seed 
coat. A mechanism of this type would vary 
with the nature and thickness of the soil 
covering the germinating seed, and with the 
moisture content of both soil and air at the 
time the seedling emerged. In spite of this 
the nine lots of seed of crosses with the 
dwarf tester stock showed great uniformity, 
the heterogeneity chi-square being 7.1 with a 
P value of 0.5. If we use the calculated 
proportions of 0.176 instead of 0.25 for the 
rosette segregates, the crosses all fit the 
expectation. The other monohybrid ratios for 
rosette show various degrees of deficiency 
which can be ascribed to the reduced vitality 
of the mutant plants. 

The chi-squares for linkage are not. sig- 
nificant except in the case of group I. The 
chi-square of 70.13 is highly signincant and 
Steven’s® tables give a cross-over value of 
20.9+ 2.5 percent. Because of the disturbed 
dihybrid segregation it is advisable to check 
the two nonmutant classes against their ex- 
pected values of 14 (2+ p?) and 4 (1—p*), 


When this is done it gives the following 
values : 

Tall Dwarf x" 

Observed 782 342 . 

Expected p = .5 843 281 17.65 

Expected p = .209 766 358 1.05 


~ 
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So we conclude that 20.9 percent is a valid 
estimate of recombination, and that ro is 
in linkage group I. Since it has never been 
tested with mottled or wooly,t we do not 
know on which side of dwarf locus ro lies. 


The propeller mutant gives good mono- 
hybrid ratios both in crosses and in 
heterozygosity tests with the original stock. 
Its linkage relations have not been extensively 
investigated but show independence when 
tested with genes in groups I, VIL and VIII. 


Summary 


Two mutant genes produced by X-rays 
have been tested for their monohybrid segre- 
gation and linkage relations. The character 
rosette (ro) shows a deficiency in its mono- 
hybrid ratio and a linkage with dwarf in 
group I. The mutant propeller (pr) shows 
good monohybrid ratios, but no linkage is 
revealed. 
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COMMENTS ON THE PAPER “PHOTOGRAPHS 
OF LIVING CHROMOSOMES” 


Tue July-August 1953 issue of the 
JournaL or Herepity contains a re- 
markable article by Cleveland and Win- 
chester on “Photographs of Living Chro- 
mosomes.” This paper is remarkable 
not only for the superb photomicro- 
graphs taken by phase contrast micro- 
scopy but also for the grossly inaccurate 
interpretation of the meiotic stages. 
There is nothing exceptional about 
spermatogenesis in the grasshopper and 
it is difficult to understand how experi- 
enced investigators could be so misled. 
Inasmuch as these excellent photographs 
undoubtedly will be widely used in 
teaching, attention should be called to 
some of the more glaring mistakes. Fig- 
1C in their paper, which is patently that 
of pachynema, is described as a pre- 
pachytene stage where the homologous 
chromosomes are still unpaired. The 
double nature of the paired chromosomes 
is ascribed to the parallel alignment of 
sister chromatids. It would have been a 
simple matter to have counted the num- 
ber of these thread-like chromosomes 
and found that it was half that of the 
somatic number. The nucleus in Figure 
ID is described as showing the begin- 
ning of synapsis (zygonema) but it is 
actually at diplonema. The statement 
that the chiasmata in Figure 1£ are the 
result of the alternate pairing of sister 
and non-sister homologous chromatids 
simply reflects the authors’ prejudice as 
to the nature of chiasmata. It certainly 
cannot be determined from their photo- 
graphs that this is true. Even more un- 
usual is the text concerning the second 
meiotic prophase. Here it is stated “We 
have made no effort to determine when 
the chromatids of I become completely 
separated. Each puts in its own new 


generation of major coils (Figure 4C). 
This begins in early prophase and is 
completed before pairing of homologues 
starts. The homologues do not come to- 
gether and pair until fairly late pro- 
phase. The degree of pairing varies con- 
siderably at the same stage in different 
nuclei, several of which have been photo- 
graphed, although only two are shown 
(Figures 3B and C). Pairing begins 
more often near the ends; however, it 
may begin at any point. The homologues 
are scarcely ever paired for their entire 
length.” It is hard to conceive a state- 
ment more at variance with the facts. 
Were the authors not aware that the two 
chromatids comprising each dyad are 
held together because they are joined by 
a functionally undivided centromere or 
kinetochore? The pairing which is said 
to occur during the second meiotic pro- 
phase is nothing more than this enforced 
association. 

It is interesting to note that in the 
January 1954 issue of Turtox News 
there appears an article by Winchester 
entitled “Spermatogenesis in the Grass- 
hopper as seen by Phase Contrast Pho- 
tography.” Some of the same photo- 
graphs published earlier in the JouRNAL 
of Herepity are included in this paper 
although no statement appears to this 
effect. Curiously enough the orientation 
of these figures has been changed. The 
stages which were misinterpreted by 
Cleveland and Winchester are now cor- 
rectly identified and the account of meio- 
sis is accurate but Winchester fails to 
mention their joint contribution or to 
state that his interpretations are now 
different from those they formerly held. 
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FATHER ADAM AND THE RACES OF MAN 


Some Notes on Medieval Anthropology 


CONWAY ZIRKLE* 


N a recent issue of the Journal of 

Heredity Curt Stern and Gertrud 

Belar? called attention to a unique 
treatment of the Garden of Eden theme 
in art. They described a picture painted 
on a door panel in the Alte Apotheke 
in Calw, a town in southern Germany. 
The painting was done early in the 
eighteenth century, probably ca. 1710- 
1730, and it depicts Adam as a white 
man and Eve as a black woman, The 
authors suggest that the unknown 
artist was trying to harmonize the 
existence of markedly different races 
of men with the accepted monophyletic 
origin of the human species—with the 
orthodox view that all men are de- 
scended from Adam and Eve. A white 
Adam and a black Eve, having  re- 
spectively the extremes of human colora- 
tion, could pass on to their progeny, 
supposedly, all of the different tints 
which decorate the human races, 

This interpretation of the artist’s ob- 
jective is certainly reasonable and adds 
one more hypothesis to account for the 
puzzling problem of the origin of hu- 
man divergencies. Actually, men have 
tried to explain their varied colors ever 
since they were aware of them—even 
before history began, as is shown by the 
myth of Phaéthon. The general as- 
sumption seems always to have been 
that all men were brothers, literally, 
having been derived originally from the 
same parents. How then did they be- 
come different? In the eighteenth cen- 
tury, when species were considered to 
be the very stable units of organic na- 
ture, the necessity of postulating an evo- 
lution of race seemed very anomalous. 
In Europe the prevalent belief was that 
mankind was derived not only from 
the loins of Adam, but also from those 
of Noah; and, in consequence, the far- 
wandering European travellers had to 
accept the savages, cannibals, head- 
hunters, et al, which they met on their 


journeys as their own one-hundred-and- 
twentieth cousins. No matter how out- 
landish these newly discovered relatives 
might look and act, they were still kins- 
men. Fortunately for the general peace 
of mind, the belief in the inheritance of 
acquired characters was accepted al- 
most universally, and this belief offered 
an explanation of the problem of the 
origin of the races. Thus the evolution 
of different human types could be ac- 
counted for very easily, but it ap- 
parently occurred to no one_ before 
Erasmus Darwin (1794) to apply the 
inheritance of acquired characters to the 
problem of species. 

As we have stated, the first applica- 
tion of the inheritance of acquired char- 
acters of which we have record is to 
be found in the story of Phaéthon. 
Phacthon, a half human son of Apollo, 
drove the chariot of the sun across the 
sky. The horses which pulled the 
chariot ran away and carried the sun 
so close to the land of Ethiopia that the 
inhabitants were scorched black, an 
acquired character which their de- 
scendants have inherited to this day. 

Later, after the Greeks found that their 
folklore was inadequate for scientific explana- 
tion, they used more sophisticated speculations. 
Thus the geographer, Strabo (7 B.C.), when 
he was faced with the problem of explaining 
the black skin of the Ethiopians, could not 
ascribe it to the mishaps of Phaéthon, but he 
still used the stock explanation of the inheri- 
tance of acquired characters. From Bk. XV, 
Ch. 1, §24: 

And already in the womb, children, by 
seminal impregnation, become like their 
parents in color; for congenital affections 
and other similarities are also thus ex- 
plained. 

With the spread of Christianity, the story 
of Phaéthon had to be abandoned as an ex- 
planation of racial differences, even by the 
unlearned. The inherited effects of climatic 
modifications, however, would serve as a 
substitute. In Quaestiones ad Antiochum, a 
work attributed (probably falsely) to St. 
Athanasius of Alexandria (296-373), the 
blackness of the Indians and Ethiopians and 
the whiteness of the Europeans was explained 
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by this factor. The author apparently accepted 
the prevalent notion that India and Ethiopia 
were connected. He states, incidentally, that 
our original parents were not black. From 
Ouaest. 123: 

As the nature of things testifies and 
teaches, we see that the hot element arises 
from the east; and, a witness of this fact 
are the Indians who come from the east 
more than all others (people); and a wit- 
ness to this fact are their bodies which the 
intense heat makes black. For God in the 
beginning did not make man black. Conse- 
quently, the cadavers of the dead, having 
been exposed to the sun, become black and 
burned. For this reason the Ethiopians on 
account of the great and intensive heat are 
not able to drink much wine: but the 
strong and boiling heat renders them very 
irritable and violent and also more in- 
clined to fornication. Now we have said 
how these things from the east occur, so we 
shall say the reverse about the west. For 
this part is cold, it is the mother and the 
producer of a cold element and a cold night. 
Hence its inhabitants have bodies whiter 
than all other peoples, and they readily 
drink much wine. 

The Mohammedans, as well as the Chris- 
tians and Jews, derived the human race from 
Adam, but they did not believe that Adam was 
of necessity white. From the Koran XV: 26: 

We created man of dried clay of black 
mud formed into shape. 

Later on, the Muslim scholars accounted 
for racial variety by a very simple story 
which became in time the standard explana- 
tion. It was repeated for many centuries. It 
appeared in the works of al-Tabari (838-923), 
the great Persian historian and theologian, in 
those of al-Masudi (died ca. 957), an Arab 
traveler, geographer and historian, and in the 
works of al-Athir (1160-1233), an Arabic 
author and scholar. According to the tale, 
God sent the angel Gabriel to earth to get 
clay for the body of Adam. Earth refused 
the request, and then God sent the angel 
Michael who was refused in turn. Finally 
God sent the angel of death and he succeeded 
in getting the raw material for Adam’s body. 
As told by al-Masudi in the Méadows of gold 
and mines of gems (Ch. 3): 

And he took black, red and white earth: 
for this reason the sons of Adam are of 
different colors. 

During the Middle Ages the philosophers 
of the Latin world seemingly were not 
greatly concerned with the origin of different 
races. When America was discovered, how- 
ever, the problem assumed a certain urgency. 
After the Spaniards realized that they had 
actually found a new world, the question 
as to where the inhabitants had come from 


naturally arose. Were they descended from 
Adam or were they merely autochthons 
locally produced in the Americas? If they 


were descended from Adam, they were truly 


human, were guilty of original sin and had 
souls which should be saved. If they were 
autochthons, they had no souls, but were only 
a superior sort of animal and could be do- 
mesticated along with other useful mammals. 
Needless to say, the Spaniards decided that 
the Indians came from Adam and soon under- 
took their great mission work. 

The speculations as to the origin of the 
Indians, even those current as late as the 
nineteenth century, now seem very odd. Per- 
haps the two most common assumptions 
were: (1) that they were the 10 lost tribes 
of Israel, and (2) that they were emigrants 
from Wales. The fact that the Indians looked 
like neither the Jews nor the Welsh was 
irrelevant. Their physiques had (supposedly ) 
merely changed to fit the American climate. 
They had taken the form and tint which 
were proper for the New World, the charac- 
teristics which all Americans would develop 
sooner or later. White immigrants from 
Europe supposedly would become darker and 
black immigrants from Africa would become 
lighter. Ultimately, through the inheritance 
of acquired characters, all who lived in 
America would become Indians. 

There are really innumerable records of 
the belief in the inheritance of acquired char- 
acters throughout the sixteenth, seventeenth 
and eighteenth centuries. The following 
passages illustrate only one application of the 
belief and are selected to show how the 
scholars thought that the varied colored sons 
of Adam had come into existence. Except for 
the first one, they are all taken from the 
century in which the picture of the white 
Adam with the black Eve was painted. 

Pomponius Mela wrote De sttu orbis ca. 
40 A.D. An edition published in 1658 was 
edited by Isaac Voss. In a comment on Bk. 
III, Ch. 9, Voss stated: 

I do not believe that any other theory 
is necessary to explain the blackness of the 
negro. They were not entirely black which 
is because of their filthiness, because they 
have anointed themselves with a_ black 
juice (these are negroes of a whitish color). 


They change this swarthy colour into 

black. Here an artificial coloring develops 

into a_ natural phenomenon, what was 

formerly an artificial creation now is a 

natural color. 

Vincentius Rumpf published Dissertatio 
critica de hominibus orbis incolis, specie et 


ortu.. .. Hamburg, 1721. He held that all 
mankind was descended from Adam and that 
their different colorings did not prove the 
contrary. He asked: 

What, then, is there in all this, even in 
that diversity of color which is seen in men, 
or that discrepancy which is found in the 
form and style of bodies, to argue as a 
necessary consequence a diversity of origin, 
besides that from Adam? 

The inheritance of acquired 
would explain it all: 


characters 
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It may be the case that, in long = suc- 
cessions of generations, nature may de- 
generate from the very purest white to the 
deepest black, until at last this becomes so 
confirmed in the body that it remains, and 
is propagated with the blood itself and is 
an efficient cause of carrying on the black- 
ness to posterity. Hence, it seems less 
remarkable that the majority of the Jews 
who live on the Malabar coast have become 
as black as the Ethiopians; and only a 
Jew whose ancestors, perhaps, arrived there 
later, has retained that whiteness the 
progenitors of their race had in the outset, 
or something approaching to whiteness. 
John Mitchell, who spent a large portion 


of his life in Virginia, was acquainted inti- 
mately with Indians, Negroes and Caucasians. 
In 1744 he published a long paper in the 
Philosophical Transactions of the Royal So- 
ciety, London (43:103-150), entitled “An 
essay upon the causes of different colours of 
people in different climates”. All mankind, 
he thought, was descended from Noah. To 
him it was very clear that, if Noah were 
of an intermediate tint, the extreme colors 
of white and black could be produced by 
smaller changes than those which would be 
necessary if Noah himself were either white 
or black. From page 146: 





For there is no Doubt, but that Noah 
and his Sons were of a Complexion of the 
southern TJartars of Asia, or northern 
Chinese, at this Day perhaps, which is a 
dark swarthy, a Medium betwixt Black 
and White: from which primitive Colour 
the Europeans degenerated as much on one 
hand, as the .{fricans did on the other; the 
Asiatics . . . with most of the dmericans, 
retaining the primitive and original Com- 
plexion. 


‘rom page 149: 


Besides, we want not some con- 
vincing Instances, from the Gleanings of 
the few Historians [| was furnished with 
here, to shew that such Changes have 
happened in the Memory of Men, and within 
the Compass of those Records we have of 
Time; for we could not suppose it to have 
happened all at once: Thus //erodotus tells 
us That the Colchi were formerly black, 
with frizzled Hair; which (he says) he 
relates rather as a Thing well known be- 
fore, than a bare Report; but there is no 
sign of any Blackness in the Complexions 
of their Descendents, they being rather, 
especially about Circassia, reckoned some 
of the fairest People in the World at this 
Day.—Captain Smith tells us, that even in 
Virginia, an Englishman, by living only 
three Years among the /ndians, became ‘so 
like an Jndian, in Habit and Complexion 
that he knew him not but by his tongue.”’ And 
what might his Children have turned to in 
Succession of many Generations, by these 
same Ways of Life, which had so altered 
him in three Years?—The Moors and 


Libians, being drove out of Africa, upon 
the Turkish conquest, retired to the Land 
of the Negroes—: but are no more to be 
found their of their original tawny Colour. 

The King of Gualata is supposed to be 

lineally descended from these tawny J/oors, 

but is even blacker than the original 

Negroes. The //abessines, who come from 

ealrabia originally, are no longer of their 

swarthy Complexion, but have got the 
black Complexion of the /:thtopians, whose 
country they possess. The Mosemleeks of 

Canada, who wear Cloaths, and are more 

civilized than the other Savages their 

Neighbors, who go stark naked, are so 

much more refined in their Complexions 

by this Usage, as to be taken for Spaniards, 
and not /ndians. Nay, the Spaniards them- 
selves, who have inhabited «/merica under 
the Torrid zone, for any Time, are be- 
come as dark coloured as our native /ndians 
of Virginia, as | have been an Eye-witness : 

And were they not to intermarry with the 

Europeans, but had the same rude and 

barbarous Lives with the /ndians, it is 

very probable, that, in a Succession of many 

Generations, they would become as dark 

in complexion. 

P. L. M. de Maupertuis was not too fond 
of the hypothesis of the inheritance of acquired 
characters, although he admitted its possibility 
in his consideration of the different shades 
of human skin. From Venus Physique 
(1745) : 

Although I suppose that here the basis 
of all these varieties is found ultimately in 
their seminal liquids, I do not exclude the 
influence which climate and nutrition can 
have. It seems that the heat of the torrid 
zone is more suited for the formation of 
the particles which render the skin black, 
than for those which make it white; and I 
do not know whether this can be obtained 
by the influence of the climate or of diet 
after many centuries. 

It would certainly be something which 
deserves the attention of philosophers, to 
test whether certain artificial modifications 
of animals would not pass, after many 
generations, to the animals descended from 
them; if the tails or the ears trimmed from 
generation to generation would not become 
smaller or even, at last, be destroyed. 
Pierre Camper was an eighteenth-century 

anthropologist who recognized human racial 
divergences, yet derived all men from Adam. 
He gave a public address in Groningen in 
1764, entitled De l'ortgine et de la couleur des 
negres. Reprinted in his Oeuvres IL: 474, 
1803: 

Whether Adam was created brown, 
tawny, black, or white it is always necessary 
to admit that his descendents, from the 
moment that they were dispersed on the 
surface of the earth, altered their traits 
and their color according to the climate 
which they were going to inhabit, the 
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food with which they nourished themselves 
and the illnesses with which they were at- 
tacked. Accidental causes must have also 
contributed by heritage, as one still sees 
daily. The mixture of two so strongly ill- 
sorted races between themselves must 
necessarily have produced a new one, which 
took several things from one and from the 
other, and whose character could not have 
altered except at the end of a _ certain 
number of centuries. 

The inheritance of acquired characters is 
also described in another passage. From vol. 
II, p. 368: 

If such changes can operate in a few 

years; if our co-patriots which have lived 
in burning climates, can never after their 
return to our country, regain the white- 
ness of their tint, then how much more 
should not this color be inalterable, from 
generation to generation, when the resi- 
dence in the same climate has lasted over 
several consecutive centuries. But since the 
time of this meeting is limited, I should be 
concise; without which I should perhaps 
be able to prove in a convincing manner 
that America was peopled by colonies drawn 
from the northern parts of Europe and 
Asia, which multiplied there, and which, 
as Buffon remarks rightly, went south to 
evade the cold, and that their light brown 
color became darker to the extent with 
which they inhabited warmer countries. It 
is probably several centuries since these 
emigrations were made. One may draw 
the proof for that from the small number 
of men who people America, as well as 
from the savage manners which are theirs, 
except certain tribes, who perhaps owe their 
origin to some more civilized people of 
Europe, who were thrown there by  ship- 
wreck, and who lost the manners of their 
ancestors in time. 
Wilhelm Josephi tacitly assumed the in- 
heritance of acquired characters in Grundriss 
der Naturgeschichte des Menschen, Hamburg, 
1770. rom page 95, edition of 1790: 

What causes the slime (which determines 
color of skin) to be a certain color? 

The most probable cause is the climate, 
for it has been found that the darker the 
color of the skin is, the hotter is the 
climate and vice versa . . . Another in- 
fluence is the mode of living, i.e., type of 
food and uncleanliness as is seen among 
the Eskimos whose white color is darker 
and is gray. 

All the mentioned colors are now con- 
tinued through reproduction, although the 
children of all races are born alike in 
color—a reddish and rather similar color. 
Yet in a few days the distinct color of its 
parents appears. 

John Hunter delivered an inaugural disser- 
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was translated into English by Thomas 
Bendyshe and published by the Anthropologi- 
cal Society of London in 1865. Hunter 
committed himself wholeheartedly to the 
generally accepted hypothesis that the different 
races of human beings arose through the 
cumulative effects of environmental modifica- 
tions. The following quotation is from 
3endyshe’s translation. From page 386: 

. . . And to speak of both from the 
same point of view, surely that change 
which is the origin of the production of 
black skin may just as easily be communi- 
cated by the parent to its offspring, and is 
no more difficult to explain, than that by 
which gout is handed down in the same 
way. Nor is it at all more difficult to 
understand, why the skin begins to grow 
black a certain time after birth, than why 
some years afterwards the offspring of 
scrofulous parents is infested with ulcers. 

Still all the same it is a fact which we 
cannot explain; and yet there is no manner 
of doubt that peculiarities acquired by men 
do descend to their posterity. 

Thus the fact being once established, it 
will be no longer obscure why men undergo, 
from the causes induced, such great changes 
of colour, stature, and the other matters 
we have mentioned. The black colour of 
the parent may become blacker in the son, 
if he is exposed to the same external in- 
fluences, and so in the course of ages may 
approach more and more to actual black- 
ness; and in that way at last great effects 
may flow from causes so small as to escape 
notice, if each generation contributes some- 
thing to increase them. 

Why one form of appearance and counte- 
nance becomes permanent in one nation, and 
one in another, is explained by this, that 
parents always produce offspring like them- 
selves. 

It would however be difficult to say, how 
many centuries it takes to change the skin 
from white to black, or in any other way. 
But if we may conjecture at all from the 
sudden effect of the sun and the air in 
changing the skin, a long time is not 
necessary. But that Europeans who inhabit 
hot regions do not acquire even after a 
very long time a brown or black colour, 
and that negroes after being a long time 
in Europe do not grow white, may be for 
this reason; that the former never try 
those modes and ways of life, and other 
external circumstances, which we have said 
are so powerful in effecting change; and if 
they do suffer from necessity or adverse 
fortune, then they do change colour and 
that the latter wretched mortals never are 
able to enjoy this easy kind of life, by 
which whiteness is so greatly brought about. 
Johann Friedrich Blumenbach, one of the 


tation in June, 1775, in Edinburgh, entitled eighteenth century founders of anthropology, 
Disputatio inauguralis quaedam de hominum — published De generis humani varietate nativa 
varictatibus, et harum causis, exponens. This (Gottingen, 1775). The following quotations 
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are taken from Bendyshe’s translation: 

And this kind of thing should be examined 
in other varieties of mankind, especially as 
to form and colour, and their various 
causes, climate, etc., which in the progress 
of time become hereditary and constant, 
although they may have owed their first 
origin to adventitious causes. 

* 

Now the aboriginal Ethiopians have been 
for a long time and for many series of 
‘yenerations exposed to the action of that 
climate, since they must without doubt be 
ranked amongst the most ancient nations 
of the world. So we must not be sur- 
prised if they propagate unadulterated, 
even under another climate to succeeding 
generations, the same disposition which has 

spread such deep and perennial roots in their 
ancestors from the most distant antiquity. 
But, on the other hand, from this tenacity 
and constancy of constitution of the Ethi- 
opians, this comes out all the clearer, that 
such a power can only be contracted after 
a long series of generations, and so it must 


of Man 33 


would require a long time to get rid of 
their burnt-in black pigment. Meanwhile 
Demanent maintains that the negroes living 
in Europe, especially those born in the 
American colonies or in Europe are far 
less dark than the negroes in their chief 


abode in Senegal and Guinea. Hence it is 
still a question whether the present-day 
negroes of Pennsylvania are actually as 


jet black as their ancestors. To ascertain 
accurately the time and number of genera- 
tions necessary to transform a tribe of 
blacks from Senegal into northern whites, 
one would need to transport them not to 
Pennsylvania or to France but to Denmark 
or Gothland. Then they would have to be 
exposed to the open air as much as possible, 
prevented from mingling with whites, and 
given a diet completely in accordance with 
the northern climate. Then I am = quite 
assured that such a_ transformation, al- 
though slowly, could and would actualize. 
But just for this reason negroes which are 
brought over from their hot climate to a 
warm one could hardly change at all. The 





be considered as a miracle, and against all examples of the Papuans in New Guinea 
natural law, if it be true, what we find and the islands around there are proofs. 
frequently related that the present de- Johann Gottfried Herder began to pub- 
cendants of some Portuguese colonists who lish his /deen sur Philosophie der Geschichte 
emigrated to Guinea in the 15th century, der MJenschheit in 1784. He believed that 
the climate could alter racial characteristics 


have in so short an interval of time, 

through the influence of the climate, been but that its operation was relatively slow: 
able to contract the Ethiopian habit of The various national forms of people, 
body. however, testify that even this, the most 
E. A. W. von = Zimmerman _ published difficult change of the human species, is 


Geographische Geschichte des — Menschen, possible: and it is rendered so by the 
multifarious complication and delicate mo- 


Leipzig, 1778-1783. Here he called upon the 1 ) } 
inherited modification caused by climate to bility of our frame, with the innumerable 
explain the existence of different human races. powers that act upon it. 
From vol. I, page 97: * * * 

From the foregoing this much is definite, Thus the negro form is transmitted in 


that the most important fluids in the negro 
are colored. Yet if the sperm itself is 
colored, how can one expect that this 
substance, which modifies the inner man 
only after many years, should after several 
generations be quickly driven away or 
obliterated through the opposite operation? 
If it takes a number of generations to 
transform a white man into a negro, then 


hereditary succession, and is capable of 
being rechanged no otherwise than geneti- 
cally. See the negro in Europe: he remains 
as he was. Let him marry a white woman, 
and a single generation will effect a chi inge, 

which the fair-complexioned climate could 
not produce in ages. So it is with the 
figures of all nations; regions alter them 
1 am convinced that a much longer period pred slowly ; but by intermixture with for- 
J ‘ : : tg eigners, in a few generations every mungal 
is required to make the negro white again. rs sei Benet heaps <n 
Everyone knows how quickly a brownish- a Se a eee nee 

red spot appears on the skin when one oe ee 

burns oneself, and how long it takes in 
comparison to get rid of this redness. 
Although, to be sure, the heat of the sun 








Climate is a chaos of causes, very dis- 
similar to each other, and in consequence 
acting slowly and in various ways, till at 





affects the negro differently from the way 
fire affects one when one is burnt,—never- 
theless, the comparison brought up here is 
not entirely unjustifiable, for in both cases 
something similar takes place. All permeable 
bodies, Herr von Paw tells us, acquire 
coloring more easily than they lose it 
again. It is therefore not at all uncon- 
ceivable to me that the negroes of Pennsyl- 
vania, which is not a very cold place yet, 








length they penetrate to the internal parts, 
and change them by habit, and by the 
genetic power itself; this resists long, 
forcibly, uniformly, and like itself, but as 
it is not independent of external affections, 
it also must accommodate itself to them in 
length of time. 

In Samuel Thomas von S6mmerring’s essay 


on the physical differences between Europeans 
and Negroes, he 


described the cumulative 








34 The Journal of Heredity 


effect of climate. From Uber die kérperliche 
Verschiedenheit des Negers vom Europaer, 
79, Frankfurt und Mainz, 1785: 

But if primitive man could now spread 
from Asia over the whole world, could be 
enobled to a European or degenerate to a 
Negro, may I not decide that he was per- 
fected for his climate, for one finds adap- 
tions in the build of the Negro as well as 
in that of the European. 

We bring these eighteenth-century records 
to a close by citing a passage in An essay 
on the causes of varieties of complexion and 
figure in the human species (Philadelphia, 
1787), written by Samuel Stanhope Smith, 
President of the College of New Jersey, an 
institution which later became Princeton Uni- 
versity : 

Long in growing to maturity, na- 
tional features, like national manners, be- 
come fixed only after a succession of several 
generations. At last, however, they become 
fixed. And if we can ascertain any effect 
produced by a given state of climate, of 
society, or of habits of living, it requires 
only to be repeated during a sufficient length 
of time, to give it a permanent character, 
and so to incorporate it into the constitu- 
tion, as to render it an hereditary property 
of race. The sanguine, or the fair com- 
plexion will, for this reason, be perpetual 
in the higher latitudes of the temperate 
zone, and we shall generally find different 
shades of the darker colours, gradually in- 
creasing, till we arrive at the perfectly 
black, as we descend to the equator. 

There is no need to quote more of these 
explanations of human racial divergencies 
through the inheritance of acquired charac- 
ters. They are to be found in_ biological 
literature throughout the entire nineteenth 
century, even after the theory of evolution 
was generally accepted, and the biologists no 
longer felt the need of deriving all men from 
Adam and Noah. One early nineteenth- 
century paper on the origin of racial differ- 
ences, however, is important. It is by William 
Charles Wells and is entitled An account of 
a White Female part of whose skin resembles 
that of a Negro. This paper was read before 
the Royal Society of London in 1813 and 
printed in 1818. It is notable in that here, 
for the first time, natural selection was used 
to explain evolution. 

Attention should be called to an interesting 
paradox which caused some embarrassment 
in the early debates on evolution. Those 
literal Christians who derived all mankind 
from Noah‘had to postulate a most rapid 
and drastic evolution—at least as far as 
varieties were concerned—but those who 
thought that each race was really a different 
species with its own individual origin—and 
there were many who held this view—did not 
have to believe in evolution at all. 

To return to the unique representation of 
a white Adam and a black Eve—some more 


peripheral information may be useful even if 
it is not directly applicable to the problem. 
Leonard W. Moss and Stephen C. Cap- 
pannari! recently published a paper entitled 
“The black madonna: An example of culture 
borrowing” in the Scientific Monthly. Here 
they describe three types of black Madon- 
nas: (1) those blackened by accident 
(deterioration of pigment, etc.), (2) those 
wherein the color of the Madonna matches 


that of the indigenous population, and 
(3) those which are black intentionally 
but are found in white communities. These 


are the miracle-working icons and occur 
in Germany, Poland, Spain, Switzerland, 
France and Italy. Moss and Cappannari 
suggest and cite evidence for the fact that 
these Madonnas have taken over the attributes 


latter 


of pre-Christian deities, who had been 
worshipped locally: Demeter-Ceres, for ex- 
ample, or her daughter Proserpine. This 


would explain the color, for black would be 
the natural color for a goddess of the Under- 
world. These black Madonnas, like the pagan 
goddesses, however, have caucasoid features, 
and thus they differ from the black Eve whose 
features are negroid. 

We can hardly assume that the unknown 
eighteenth-century painter of the black Eve 
was sophisticated enough to depict a fertility 
goddess as a companion to Adam. His work 
is also nearly a thousand years too late to 
have been inspired by the traditions which 
caused the Madonnas to be black. He may 
well have been aware of the black Madonnas, 
however, and that they were powerful icons. 
He could have thought that, if a representa- 
tion of the Mother of God was especially 
potent when it was black, a picture of the 
mother of mankind might also have more than 
usual virtue, if she were also black. 

Also we must not overlook the perhaps 
remote possibility that the female figure 
standing by Adam is not Eve at all, but 
Adam's first wife, Lilith, a demon or goddess 
of the night. 

The above suggestions are, of course, 
possible, but the writer believes that they are 
far from probable. The explanation of Stern 
and Belar seems more reasonable. The un- 
known artist’ could well have been offering 
a graphic solution to the problem which so 
concerned the eighteenth- century anthropolo- 
gists—how did the various human races 
originate ? 
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GROWTH AND REPRODUCTIVE RATES 
OF MICE 


Produced by Intercrossing Intreds and Outbreds of Three Size Groups 


E. J. Warwick AND W. L. Lewts* 


S the inbred lines and outbred 
populations in mice, discussed in 

a previous paper? were being de- 
veloped, test crosses were made among 
the various groups in the first and third 
generations of selection when the aver- 
age inbreeding levels of the inbreds were 
approximately 15 percent and 30 per- 
cent, respectively. Had circumstances 
permitted the continuation of the experi- 
ment, additional crosses would have been 
made after more generations of selection. 

The purposes of these testcrosses were 
(1) to compare the growth rates of the 
progeny of inbred and outbred males 
and females, (2) to study the repeatabil- 
ity of testeross performance of inbred 
lines from generation to generation, and 
(3) to study the possible usefulness of 
“testers” differing greatly in size and 
other characteristics from the lines being 
tested. 

The parents of the testcrosses con- 
sisted of animals of four inbred lines and 
an outbred group of each of the three 
sizes, small, medium, and large. Their 
first litters were used for propagating 
their respective breeding groups, while 
the second litters were the testcrosses. 
Inbred males of each of the four inbred 
lines (one male per line in most cases ) 
of each size group were each mated to 
two inbred females of different lines of 
each of the small, medium, and large size 
groups, and to two outbred females of 
ach size group. Two outbred males of 
each size group were mated to similar 
females. Thus. each male was bred to 
12 females, four from each size group, 
for test litters. 

All animals were fed 
Chow® and water ad lib. 


Purina [ab 
Litters were 


weaned at 21 days of age, the sexes sepa- 
rated, and the animals fed in groups to 
60 days, when they were weighed indi- 
vidually. Most of the data pertain to 
weights at this age. It was impossible to 
keep linecross animals to test complete 
reproductive performance. However, as 
a partial check on reproductive ability, 
the females from the second series of 
linecrosses were put with fertile males at 
60 days of age. When external signs of 
pregnancy became apparent, they were 
sacrificed and embryo numbers deter- 
mined, 

In order to avoid the complications of 
sex differences and unequal sex ratios, 
a litter mean for 60-day weight was 
taken to be the unweighted average of 
the average weights of male and female 
mice in the litter. In case a litter in- 
cluded mice of only one sex, its average 
was adjusted upward or downward ac- 
cording to the average differences be- 
tween the sexes for mice of the particular 
size group involved. Summaries and 
analyses of 60-day weights are based on 
these calculated litter means. Since vari- 
ances proved to be significantly different 
between sizes, it was necessary to trans- 
form all weight figures to logarithms for 
statistical analysis. Analysis of variance 
of both 60-day weights and litter sizes 
was according to the method of un- 
weighted means as outlined by Snede- 
cor.” If all matings had been fertile, 
-ach series of testcrosses would have con- 
sisted of 216 litters in 108 pairs or cells. 
Due to the infertility or death of breed- 
ing animals, only 181 and 194 litters 
were raised in the first and second series, 
respectively. In cases where one litter 
was missing from a cell, the mean of the 
remaining one was doubled and used in 
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the analysis. In two cases in each series, 
entire cells were missing. These were 
filled by the Allan and Wishart formula 
as given by Snedecor.5 Mean squares 
between litters were weighted by the re- 
ciprocals of the harmonic means of litter 
numbers before being used to test the 
significance of various effects. 


Results and Discussion 


1. 60-day Weights 

Tables I and II summarize the performanves 
of the various crosses so far as litter size and 
60-day individual weights are concerned. 

The size of both male and female parents 
greatly affected the individual 60-day weight 
of the progeny, with the progeny in most cases 
being intermediate between the parental types. 

In the first series of crosses, when the in- 
breds averaged about 15 percent inbreeding, 
there was no evidence of differences in weights 
between the progeny of inbred and outbred 
males. In the second series of crosses, how- 
ever, when the inbreds averaged approximately 
30 percent inbreeding, there was a general 
tendency for the progeny of inbred males to 
be heavier than the progeny of outbred males. 
This difference was statistically significant. 
The greater weight of the offspring of inbred 
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males in the case of the small males indicated 
a failure to produce offspring as far in the 
direction of selection as the outbred males did. 
In neither testcross did the inbred and outbred 
females differ appreciably in the 60-day 
weights of their progenies. 

The experimental design did not permit the 
evaluation of specific linecross combinations, 
since no more than one female in a given line 
was bred to any one male. Differences between 
the progeny of males of the various inbred 
lines, however, should be a measure of differ- 
ences in general combining ability. In the first 
series of crosses the progeny of inbred lines 
within size groups differed significantly from 
each other, indicating probable genetic varia- 
tion in the foundation sires from line to line. 
In the second series of crosses, however, after 
two additional generations of selection for the 
desired body size, differences between lines did 
not approach significance. This seems to indi- 
cate that selection had been effective in the 
interim to the extent that previously existing 
line differences were obliterated. 

The correlations between average weights 
of the progenies of the various lines in the first 
and second series of test crosses were +.45, 
—.07, and +.28 within the small, medium, and 
large size groups, respectively. This indicates 
a very low tendency for the lines to repeat 
their performance from one series to the next. 
It was also observed during the course of selec- 


Litter Sizes and 60-day Weights of Various Crosses When Tested After One Generation of 


Selection When Inbreeding Coefficients of Inbreds Averaged About 15 


TABLE I. 
SMALL 
Inbred Outbred 
~~ No. Litters : 7 2 
— Av. Litter Size Born 6.3 6.5 
4 i§ Av. Litter Size Weaned 6.3 6.5 
4 Av. Ind, Wt. 60 Da. (gms.) 16.2 16.1 
| a 3 No, Litters 7 ry 
| 2 AV. Litter Size Born 7.6 6.8 
| 6 Av. Litter Size Weaned 7.6 5.8 
| Av. Ind. Wt. 60 Da. (gms.) 16.6 15.4 
| ~< No. Litters 7 4 
' & Av. Litter Size Born 7.9 9.2 
2 2 i Av. Litter Size Weaned 7.4 8.2 
24 2 Ay. Ind. Wt. 60 Da, (gms.) 19.8 18.4 
224 ' 
ta 5 © No. Litters 5 4 
* “8 Av. Litter Size Born 8.4 “3 
| 6 Av. Litter Size Weaned 8.2 7.5 
Av. Ind. Wt. 60 Da. (gms.) 20.5 19.6 
~ No. Litters 4 3 
£ Av. Litter Size Born 12.0 12.3 
| wig Av. Litter Size Weaned 9.8 10.3 
' 9 Av. Ind, Wt. 60 Da. (gms.) 23.1 21.2 
4 
s 3 No. Litters 5 3 
#4 AV. Litter Size Born 8.2 11.3 
5 Av. Litter Size Weaned 7.4 9.7 
Av. Ind. Wt. 60 Da. (gms.) 24.2 22.3 
Unwt. means 
Av. Litter Size Born 8.4 8.9 
Av. Litter Size Weaned 7.8 8.0 
Av. Ind, Wt. 60 Da. (gms.) 20.1 18.8 














——_——— MALES — — —_—— 
MEDIUM LARGE Unwt. 
Inbred Outbred Inbred Outbred Means 
8 4 7 3 
6.5 7.8 7.6 6.0 6.8 
6.5 7.8 7.6 6.0 6.8 
20.0 19.4 22.1 21.8 19.3 
7 2 7 4 
6.7 7.0 7.4 6.8 7.0 
6.7 7.0 7.0 6.8 6.8 
19.0 19.8 22.3 22.0 19.2 
7 4 8 4 
10.7 9.2 8.4 7.5 8.8 
9.6 9.0 7.5 8.2 
22.0 23.1 26.8 24.0 22.4 
6 2 8 4 
9.5 8.0 7.0 10.2 8.4 
8.7 8.0 6.8 9.8 8.2 
22.1 22.9 25.6 25.0 22.6 
7 2 8 4 
10.9 12.0 9.9 8.8 11.0 
9.1 10.0 8.6 8.2 9.3 
25.1 25.8 29.1 27.0 25.2 
6 3 3 
9.0 11.0 11.2 9.7 10.1 
7.2 9.7 2.2 9.0 8.7 
24.4 27.2 28.0 25.9 25.3 
8.9 9.3 8.6 8.2 
8.0 8.6 7.7 7.9 
2. 3.0 25.6 4.3 
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tion that, even in the inbred populations them- 
selves, the repeatability of performance from 
generation to generation was low. Thus, it 
would hardly be expected that the usefulness 
of early testing could be demonstrated at the 
low levels of inbreeding considered here. It 
had originally been hoped to continue this ex- 
periment and make additional test crosses at 
higher levels of inbreeding, but circumstances 
prevented this. 

It was possible to compute 17 first, second, 
and third order interactions in the analysis of 
variance of each series of line crosses. In the 
first series only one, that of size & breeding 
type of male, was significant. In the second 
series only two, those of size of male X size 
of female and size of male * breeding type of 
female, were significant. In view of the large 
number of interactions tested and the fact that 
the same ones were not significant in the two 
series, it seems probable that the observed 
significance was a chance ocurrence and that, 
in fact, the various lines and sizes combined 
with each other in an additive fashion. Since 
these analyses are based on logarithms of ac- 
tual weights, the possibility is not excluded 
that the inherited factors affecting size exert 
their effects in a multiplicative manner as sug- 
gested by MacArthur.* In all cases the crosses 
were almost exactly intermediate between the 
averages of the parental types, thus confirming 


TABLE II. 
SMALL 
Inbred Outbred 
~ No. Litters 9 4 
2 Av. Litter Size Born 5.9 73 
a © Avy. Litter Size Weaned 5.4 7.0 
= Av. Ind, Wt. 60 Da. (gms. ) 15.8 15.6 
| & S No. Litters 24 4 
| 4 Av. Litter Size Born 6.1 6.2 
| 2 Av. Litter Size Weaned 6.1 4.8 
| ~ Av. Ind. Wt. 60 Da. (gms.) 15.3 12.2 
~ No. Litters 7 5 
= Av. Litter Size Born 10.0 9.2 
” s = Av. Litter Size Weaned 9.4 8.8 
<a) Ay. Ind. Wt. 60 Da. (gms. ) 18.5 17.7 
“a 
2 & % No. Litters 7 1 
re x : 
& “ 6 Av. Litter Size Born 10.0 13. 
5 Av. Litter Size Weaned 9.1 10.0 
Av. Ind. Wt. 60 Da. (gms.) 20.0 18.4 
~ No. Litters 6 3 
© Av. Litter Size Born 9.5 9.7 
w © Av. Litter Size Weaned 78 7.0 
© ™ Av. Ind. Wt. 60 Da. (gms.) 22.1 19.9 
+ oD No. Litters 7 4 
ra) Av. Litter Size Born 12.0 9.2 
5 Av. Litter Size Weaned 9.0 6.2 
Av. Ind, Wt. 60 Da. (gms.) 22.5 20.6 
Unwt. means: 
Av. Litter Size Born 8.9 9.1 
Av. Litter Size Weaned 7.8 a3 
Av. Ind. Wt. 60 Da. (gms.) 19.0 17.4 
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MacArthur's? observations on mice crosses in- 
volving somewhat the same germ plasm. Re- 
ciprocal crosses were similar in weight at 60 
days of age. Eaton? and Butler! observed 
heterosis in growth of crosses between inbred 
lines from divergent sources, but their results 
can hardly be considered to be at variance with 
ours, since all the lines involved in our tests 
originally came from a single population. 

The tests reported here gave no indication 
of larger sire to sire differences in the offspring 
when males being tested were bred to females 
differing greatly in size from themselves than 
in the progeny of crosses between individuals 
of the same size. These data thus provide no 
support for the idea that genetic differences be- 
tween sires can best be detected if progeny 
testing is done on females differing greatly in 
inherent size or productivity from the males 
being tested. Dominance or over-dominance, 
both of which were apparently lacking here, 
could greatly modify this concept, however. 
2. Litter Sizes 

The litter sizes of the small, medium, and 
large stocks used in these crosses differ widely. 
It is, therefore, not surprising that in crosses 
there were highly significant differences in the 
average number of young produced per litter 
bv females of the three sizes. Analyses of vari- 
ance shows that the size of male also exerted 
a significant effect upon litter size and that a 


Generations of 


MALES 
MEDIUM LARGE Unwt. 
Inbred Outbred Inbre Outbre leans 
6 4 8 4 
(Pe 55 6.1 7:3 6.6 
6.6 5:5 6.1 708 6.3 
18.6 18.4 20.6 22.0 18,5 
7 4 7 3 
6.7 7.3 7.6 6.3 6.7 
6.2 6.6 6.7 6.0 6.1 
18.4 20.0 19.6 20.6 AS 
9 3 2 2 
9.3 8.3 4.9 8.5 8.3 
8.2 8.3 4.9 &.0 79 
23.0 22.2 28.2 25.8 22.6 
8 5 8 4 
10.5 973 9.1 7.5 9.9 
9.1 8:2 8.5 o3 8.7 
22.5 22.1 25.6 25.8 22.4 
7 o 6 4 
10.0 13.0 8.0 10.5 10.1 
8.8 9.5 6.7 72 7.8 
25.0 24.5 30.7 31.5 25.6 
7 4 7 2 
11.4 11.2 11.2 8.5 10.6 
8.1 8.0 9.3 8.0 8.1 
27.4 25.4 28.3 26.9 23.2 
9.2 9.1 7.8 8.1 
7.8 ta 7.0 73 
22.5 22.1 25 25.4 
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number of the possible interactions are signifi- 
cant. This seems to demonstrate that the male 
does potentially influence litter size, at least in 
the mouse. The larger males failed in both 
series of crosses to produce litters as large as 
those sired by small and medium males. 
Whether they failed to fertilize as high a por- 
tion of the eggs ovulated or whether there was 
more embryonic mortality among their progeny 
is unknown. 


3. Embryonic Numbers of Females of the 
Various Crosses 

It was impossible to maintain females pro- 
duced in the above crosses for comparisons of 
their entire reproductive performance. In the 
second series of line crosses, however, the fe- 
males were put with fertile males at 60 days 
of age and, when external evidence of preg- 
nancy became apparent, were removed and 
sacrified. Counts of the apparently living em- 
bryos were made. The data are presented in 
Table ITI. 

Due to varying sex ratios and a failure of 
some females to conceive, numbers are small 
in many of the groups, making the validity of 
a detailed statistical analysis doubtful. The 
averages are therefore given without analysis. 
It appears that, as was the case with 60-day 
weight, the inheritance of embryo number is 
largely additive with females representing 
crosses between two size groups having embryo 
numbers nearly intermediate between those of 
the two parental types. The average embryo 
number of females resulting from crosses of 
small & small was 6.5, and that of females 


TABLE III. Numbers of Normal Embryos in Fe- 

mates of Va-ious Crosses Sacrificed Late in Pregnancy. 

(Each figure given includes reciprocal crosses where 
two parents were of different types.) 


Parentage of Females Sacrificed 
Small Small Medium Medium Large Large 
Inbred Outbred Inbred Outbred Inbred Outbred 
Small 6.1 
Inbred (14)* 


Small 6.6 6.8 
Outbred = (29) (6) 


~~ 
a 
< 
<= 
4 
Oo 
” 
+4 . 
& Medium 8.0 74 8.4 
oa 
& Inbred (359) 0 (35) (17) 
ms 
« Medium *.3 rie 8.6 &.8 
© Outbred (33) (10) (46) (16) 
eo 
3 Large 8.8 C7 9.7 10.4 12.3 
© Inbred (40) (31) (43) 036) (10) 
a 
Large 9.3 7.8 9.6 10.5 11.0 9.3 


; ‘ 
Outbred (31) (14) (29) (20) (26) (3) 


* Numbers in parentheses indicate number of females 
included in averages. 
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resulting from crosses of large large was 
11.2. The average of these two figures—8.8— 
is exactly the same as the average number of 
embryos found in females resulting from crosses 
between small and large parents. Females re- 
sulting from crosses between small and medi- 
um parents exceeded the average of the paren- 
tal types by .3 of an embryo while those re- 
sulting from crosses between large and medium 
parents exceeded the average of the parental 
types by only .1 embryo. 

In addition to the living embryos included in 
the counts given here, some degenerate, placen- 
tal sites were observed amounting to 2.6 per- 
cent of the total sites observed. There was no 
apparent tendency for these to be found more 
in one breeding group than in another. 


Summary 


Crosses were made among segments of a 
mouse population which had been selected for 
small, medium, and large size with both inbred 
and outbred groups in each size. Inbreeding of 
the inbreds averaged 15 and 30 percent at the 
time of the first and second series of crosses, 
respectively. Sixty-day weights of the progeny 
of crosses between size groups in all cases were 
near the average of the two parental types, 
thus indicating a preponderantly additive or 
multiplicative type of inheritance with little 
evidence of heterosis. In the second series of 
crosses, mice sired by inbred males were sig- 
nificantly heavier than those sired by outbreds. 
Both sires and dams of litters influenced the 
number of young per litter. 

Females resulting from the second series of 
crosses were bred, sacrificed late in pregnancy 
and numbers of embryonic sites counted. Aver- 
age embryo numbers in females resulting from 
the crosses between size groups in all cases 
were close to or slightly above the averages of 
the two parental types. 
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INHERITANCE OF GLOSSY FOLIAGE 
AND CREAM PETALS 


In Green Sprouting Broccoli 
T. H. ANstEY AND JoHN F. Moore* 
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GLOSSY AND NORMAL SEEDLINGS 





Figure 14 


Glossy (left) and normal six-week-old broccoli seedlings are shown. 
if g 


HE inheritance of two heritable 

| mutations in green sprouting broc- 

coli has been studied. They might 

prove to be useful markers in broccoli 
breeding. 

Green sprouting broccoli offers many 
advantages for genetic studies. It is 
commonly a diploid (2n = 18). The 
crop is apparently day-neutral and pro- 
ceeds to flowering from spring sowing. 
Each plant produces several thousand 
flowers and, with proper manipulation, 
will bloom continuously. Vegetative 
propagation from stems or leaves facili- 


Note that water 
sprayed on the leaves adheres to the glossy and runs off the normal leaves. Water adheres to 
all cotyledons, irrespective of phenotype. 


tates the maintenance of genotypes, and 
clones have been maintained in the 
greenhouse for several years. The flow- 
ers are readily manipulated, since the 
racemes elongate while the flowers are 
still in the bud so that they become well 
separated at anthesis. From 10 to 20 
seeds are commonly produced per polli- 
nation. 

No genetic data have been reported 
for Brassica oleracea L. var. ttalica 
Plenck, although considerable literature 
is available on other varieties within the 
species, particularly var. capitata L. 


*The authors are Senior Horticulturist, Experimental Farm, Agassiz, and Associate Horti- 
culturist, Western Washington Experiment Station, Puyallup, respectively. Joint contribution 
from Experimental Farms Service, Canada Department of Agriculture and Western Washing- 
ton Experiment Station, Puyallup. Scientific Paper No. 1252, Washington Agricultural Experi- 


ment Stations, Pullman. Project No. 988. 
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Bailey! reports that some horticultural 
varieties of cabbage (var. capitata) have 
green glazed (not glaucous) foliage. No 
other reports of non-glaucous B. oler- 
acea varieties have been seen. All spe- 
cies and varieties of Brassica as report- 
ed by Bailey have light yellow to bright 
yellow flowers. Pearson? reports a dom- 
inant white flower mutation in B. oler- 
acea horticultural variety Jersey kale 
(presumably var. acephala DC). No 
other flower color mutations have been 
reported in B. oleracea. 


In the present paper the Horticultur- 
al Colour Chart® has been used in de- 
scribing all flower colors. 


Description of Mutations 


Glossy Foliage. This mutant is dis- 
tinguishable from the normal in six- 
week-old seedlings by the appearance of 
the first true leaf, and remains so 
throughout the life of the plant. The leaf 
blade lacks the normal whitish bloom 
which gives it a shiny dark green ap- 
pearance. It is highly susceptible to at- 


TABLE I. Phenotypic classification for F. and back- 

cross populations from a cross of glossy foliage by 

normal, and genotypic classification of F. phenotyp- 

ically normal plants by F, ponulation, from the F. 
plants open-pollinated 


Number in Phenotypes 
Culture Gl gl Total 
Fy (glgl K GIGI) 

$217 1455 484 1939 
§220 441 141 582 
$222 48 14 62 
5246 27 10 37 
2349 41 12 53 


.90 to .95 
.50 to .7 
50 to. 
70 to. 
.50 to .7 


0.0016 
0.1856 
0.1935 
0.0811 
0.1572 


.70 to. 


Total 2012 661 2673 


0.1049 


Backcross glel  (glel X GIG1) 

$218 48 93 
§221 49 87 
$223 43 82 
2360 18 46 


0.0968 
1.3908 
0.1951 
2.1739 
0.2078 


70 to. 
10 to. 
50 to. 
OS to. 
Total 


158 308 


.50 to .7 


Fs Classification of Fg Gl? open pollinated 
Number of Fe Indi- 
viduals in Genotypes 


GIGL Gigi 
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tack from the Cabbage flea beetle (Phyl- 
lotreta albionica Lec.). Leaves of glossy 
mutants retain water when sprayed with 
a fine mist, whereas normal plants shed 
the water. This characteristic is useful 
in confirming classification in the seed- 
ling stage (See Figure 14). Viability of 
seedlings is normal, although flowering 
and maturity are delayed and the plants 
are somewhat smaller than normal sib- 
lings. The symbol gl is suggested for 
the factor conditioning glossy foliage. 
The mutation was found at the Western 
Washington Experiment Station in the 
variety Italian Green Sprouting, from 
Sutton and Sons, Reading, England 
(Puyallup 123). 


Cream Petal. The normal petal color 
varies in intensity around Sulphur Yel- 
low 1/2, while plants having the cream 
petal mutation bear flowers with petals 
of Primrose Yellow 601/3 when first 
open. The color fades quickly and be- 
comes nearly white when exposed to in- 
tense sunlight for a few hours. This re- 
cessive cream petal mutant should not 
be confused with the dominant white 
mentioned by Pearson.? Plants with 
cream petal have normal viability and 
maturation. The symbol cr is suggested 
for the factor controlling cream petal. 
The mutation was found at the Western 
Washington Experiment Station in the 


TABLE II. Phenotypic classification of F. and back- 
cross populations from a cross of cream petal by 
normal 


Number in Phenotypes 


Total 





Culture Cr cr 


Fy (CrCr X erer) 
31 
19 
26 














Backcross crer &K (CrCr X crer) 

$224 18 34 52 
$225 20 19 39 
5228 13 18 31 
$230 3 4 


42 67 109 
17 52 
4 


0.2935 
0.0096 
0.5000 


-50 to. 
.90 to. 
30 to. 





-20 to .30 


$232 24 
5234 2 
5236 17 


11 
4 
22 


7 
35 
6 
39 





Total 97 


112 


209 
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De Cicco variety (Puyallup 145). 
Experimental 


Glossy Foliage. Nine segregating popula- 
tions and three open-pollinated Fs populations 
were grown from the cross: glossy & normal 
(glgl & GIGI). All Fi plants were pheno- 
typically normal and a small selfed population 
from the glossy foliage parent was all glossy. 
The F. and backcross seed were produced by 
bud pollination in the greenhouse. The data 
from these populations are presented in Table 
I. Assuming a single recessive factor for the 
control of glossy, the chi-square test shows 
that the classification of both F. and backcross 
populations fits this hypothesis. 

Open-pollinated seed was recovered from as 
many phenotypically normal plants as possible 
in three of the F2 populations. Bagging and 
natural selfing of broccoli is unsatisfactory be- 
cause of self-incompatibility factors. Selfed 
seed from many F,2 plants could only be ob- 
tained by artificial bud pollination as was used 
for the production of F2 populations. Up to 
50 Fs; seeds from each Fe: plant were grown 
in the greenhouse to the six-week state. Any 
line showing one or more glossy (recessive) 
seedlings must have arisen from a genotypi- 
cally heterozygous maternal parent. Those 
lines showing no glossy seedlings were assumed 
to have arisen from genotypically homozygous 
normal (dominant) maternal parents. The 
data derived from this test of the F2 population 


presented in Table I indicate that an expected 
one homozygous to two heterozygous segre- 
gation occurred in the phenotypically normal 
plants within the F2 generation. 

Cream petal, Twelve segregating populations 
were grown from the cross: normal & cream 
petal (CrCr X crer). All F, plants were 
phenotypically normal, and a selfed population 
from the cream petal parent all had cream 
petals. The F2 and backcross data are pre- 
sented in Table II. Again, assuming a single 
recessive factor for the control of cream petal, 
the chi-square test shows that the data for both 
the F. and backcross populations fit this hy- 
pothesis. 

Summary 

Two mutations are reported in Brassica 
oleracea I.. var. ttalica Plenck, each of which 
is controlled by a single recessive factor. These 
mutations are glossy foliage and cream petal 
with symbols gi and cr being assigned, re- 
spectively. 
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Modern Poultry Breeding 


(Continued from page 14) 


25 are not referred to in the text. The excel- 
lent reference lists should particularly appeal 
to research workers and would prove useful in 
classes where outside reading or special prob- 
lems are assigned. 

Inevitably the extensive citation of refer- 
ences interfere to some extent with the dis- 
cussion but this is not a serious criticism. No 
errors that would cause the careful reader 
difficulty were observed but a few statements 
must be accepted with caution, e.g. page 189 
“except for eliminating certain low-fertility 
individual males and females from breeding 
pens, it is doubtful whether the fertility factor 
should be included in a poultry breeder’s pro- 
gram * * *”, The information about the in- 


heritance of fertility is somewhat contra- 
dictory but, these contradictions show promise 
of being resolved. Moreover, breeding prac- 
tice tends to include many factors although 
each is not separately considered. In any case 
there are few statements which can be con- 
sidered objectionable and the discussion is 
soundly based on the experimental evidence. 
The reviewer cannot therefore do better than 
to commend the book to those who need in- 
formation about poultry breeding as applied to 
the domestic fowl, whether as teacher, student, 
poultry breeder or researcher. 


Orr. V. S. AsMUNDSON 
University of California 
Davis 











VALIDITY OF THE THEORY 


OF GENETIC CORRELATION 


An experimental test with mice 


D. S. FALCONER* 


titative characters there is a need, 

which has been stressed by Lerner,® 
for experiments capable of testing the 
validity of current theory. It therefore 
seems desirable to put on record some 
experimental data obtained with mice, 
in spite of the obvious imperfections of 
the experiment and lack of precision in 
its results. The experiment concerns 
the theory of genetic correlation in the 
interpretation of correlated responses in 
a selection program. If selection for a 
single character is carried out in a 
breeding program other characters, cor- 
related with the primary character se- 
lected, are generally found to change 
too. Theoretical treatment of the genetic 
relationships between two or more char- 
acters leads to the conclusion that the 
correlated response depends primarily 
on the genetic correlation between the 
two characters. Correlated responses 
have been observed in many selection 
experiments and have been analyzed in 
some detail by Reeve and Robertson ;4 
but, as far as I know, no experiment 
has been described which tests whether 
the theoretical treatment in terms of the 
genetic correlation adequately accounts 
for the observed responses. It is highly 
desirable that such tests be made be- 
cause the theory of genetic correlation 
has practical application in the selection 
index (Hazel*), which, by giving ap- 
propriate weight to different characters 
correlated with the desired character, is 
expected to increase the rate at which 
the desired character can be improved 
by selection. 

In the experiment to be described the 
test of adequacy comes from a compari- 
son of two independent estimates of the 
genetic correlation. Two-way selection 
was made for body-weight in one pair of 
lines and for tail-length in another pair. 


[: the study of the genetics of quan- 


(A ‘pair of lines’ consists of one line se- 
lected for large size and another select- 
ed for small size; or of one selected for 
long tails and another for short tails.) 
The changes of both characters were ob- 
served in both pairs of lines, and thus 
two independent estimates of the genetic 
correlation between weight and_ tail- 
length were obtained, one from each pair 
of lines. Agreement between the two 
estimates will therefore show that the 
theory upon which the estimation of the 
correlations is based accounts fully for 
the correlated responses observed in this 
experiment. Or, looked at another way, 
this agreement would mean that the 
genetic correlation determined from the 
results of selection for one -character 
would give an accurate prediction of 
the correlated response to be expected 
when selection is made for the other 
character. 
Theoretical Basis 

The theory of correlated responses has been 
fully described by Lerner? and will therefore 
be stated here only briefly and without ex- 
planation. If AG represents the genetic change 
in the character selected and AG’ that in the 
correlated character not directly selected then 

AG’ AG 

= fc 
SG’ 5G 








TABLE I. Observed and calculated parameters from 
the divergence in the two pairs of selection-lines. 
(Units are grams or millimeters per generation. Suf- 
fixes W and T indicate weight and tail-length respec- 
tively. Standard errors are given where known.) 





Line selected for 





Parameter Weight Tail-length 
Response (AGw) 0.94 + 0.12 0.49 + 0.10 
Response (AG) 1.71 + 0.42 2.48 + 0.35 
Sel. Diff. (W) 2.96 + 0.0 ‘ = 
Sel. Diff. (T) 4.15+0.0 
hiy* 0.32 + 0.04 fe za 
h2* oe is 0.60 + 0.08 
op (W) 1.16 + 0.03 1.20 + 0.05 
Op (T) 2.49 = 0.07 2.51 + 0.10 
Tp 0.48 + 0.03 0.39 + 0.05 
tot 0.62 0.57 
tet 0.41 0.26 





* Calculated from formula 3. 
¢ Calculated from formula 2. 
t Calculated from formula 5. 


*Agricultural Research Council Scientific Staff. Institute of Animal Genetics, Edinburgh, 
Scotland. The writer is indebted to Miss Doreen Glen for technical assistance. 








where 6g and oc are the two genetic standard 
deviations, and rg the genetic correlation. 
AG and AG’ can be directly measured from 
the observed response to selection. og and og’ 
cannot be directly measured, but can be ob- 
tained from the directly measurable pheno- 
typic standard deviation (op) and the herita- 
bilities (h2 and h’2), since og = hop and 
Oc’ = hop. Thus for the calculation of the 
genetic correlation formula (1) can be re- 
written, 








AG’ h_ op 

fc = me te ees (2) 
AG bh’ op 

primes indicating the correlated character 


throughout. The heritability of each character 
can be obtained from only one pair of lines, 
namely the lines in which the character is the 
one directly selected; then 
observed response 
h? = ———_______—_- 
selection differential 
In addition to the two estimates of the ge- 
netic correlation, rc, the experiment also pro- 
vides two independent estimates of the en- 
vironmental correlation, rz, one from each pair 
of lines. The environmental correlation can be 
calculated from a knowledge of the genetic 
correlation and the heritabilities, if the pheno- 
typic correlation (rp) between the two chaf- 
acters is also known; and this can be directly 
observed in each pair of lines. The phenotypic 
correlation is made up of the genetic and en- 
vironmental correlations in this way: 


re = hh’ rc + OOS <a eee? (4) 
(where e? = 1 — h?). 
Hence 
rp —hh’reg¢ 
rfrrE = ne ll tt te tt 8 (5) 








, 


ee 


Experimental Methods 


The lines were started from a four-way 
cross of highly inbred strains, and those se- 
lected for weight have already been described 
in another paper.1 . The selection for tail- 
length, however, was not made at the same 
time, but nearly four years later; and this is 
the chief defect of the experiment. The tail- 
selection was started from a repetition of the 
same four-way cross, so the two foundation 
populations were genetically identical; but the 
difference in time may have introduced differ- 
ences of environment, which in turn may have 
affected the parameters to be compared. This 
point will be examined when the results are 
presented. The technique of selection has been 
described in detail in the paper cited above,! 
and will not be repeated here. It need only 
be said that selection was made entirely within 
litters, and that all the parameters quoted are 
derived from the within-litter variances and 
covariances. Selection was made for both 
large and small size (i.e. weight) and for 
long and short tails, both characters being 
measured at the age of six weeks. The di- 
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SELECTION FOR WEIGHT AND 
TAIL-LENGTH 
Figure 15 

The generations are numbered along the 
bottom. The mean weight of each generation 
is shown in the upper graphs and the mean 
tail-length in the lower. The lines selected for 
high and low weight are on the left, and for 
long and short tails on the right. The vertical 
scales are adjusted so as to equalize the stand- 

ard deviations of the two measurements. 

















vergence between the upward and downward 
selected lines gives the best measure of re- 
sponse, since it removes the large environmen- 
tal fluctuations between generations. Regres- 
sion lines fitted to the divergence at each 
generation are used to measure the average 
response per generation. The average selec- 
tion differential per generation is obtained di- 
rectly from the observed superiority of the 
selected parents over their litter-means. All 
calculations were made within generations and 
then combined over all generations. Six gen- 
erations in the weight-selected lines are used 
here, numbered 1-6 in accordance with the 
previous account;! the first generation of se- 
lection being discounted because the method of 
selection was different. The tail-selected lines 
were continued for only four generations, num- 
bered 0 - 3. 
Results 

The responses in the two pairs of lines are 
shown graphically in Figure 15 and the diverg- 
ence between the upward and downward lines 
in Figure 16. The observed and calculated 
parameters appropriate to each pair of lines 
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RESPONSES TO SELECTION 
Figure 16 

Responses to selection are shown as the di- 
vergence between the upward and downward 
selected lines in each generation. Arrangement 
as in Figure 15. Vertical scales are in stand- 
ard deviations. Broken lines show the linear 
regression lines fitted to the generation-means. 








are given in Table I, with the standard er- 
rors when these can be obtained from a sim- 
ple formula. There are 617 degrees of free- 
dom in the within-litter variances and covari- 
ances in the lines selected for weight, and 339 
in the lines selected for tail-length. 

It will be seen that the heritability of tail- 
length is high (60 percent) and that of weight 
moderate (32 percent): each heritability is 
obtainable from only one pair of lines, as has 
already been pointed out. The standard devia- 
tions of both characters and the phenotypic 
correlation between them, however, are observ- 
able in both pairs of lines, and ought to agree 
within the limits of sampling error. In fact 
the two standard deviations both show almost 
perfect agreement. But the phenotypic corre- 
lation does not; the difference between the 
values of 0.48 in the weight-selection and 0.39 
in the tail-selection is on the verge of sig- 
nificance, being 1.8 times its standard error. 
This difference, if real, would mean that some 
unknown environmental difference existed be- 
tween the weight-selected and _ tail-selected 
lines, and this might have affected the herita- 
bilities and so vitiated the comparisons of the 
genetic correlation to be made. But if the 
heritabilities had been affected in this way a 
difference in the phenotypic standard devia- 
tions would be expected. This was not found, 
and so it seems safe to conclude that the dif- 
ference in the phenotypic correlation, even if 
real, did not affect the heritabilities and does 
not vitiate the comparison of the genetic cor- 
relation. 

The parameters observed in both pairs of 
lines are used separately in the calculation of 
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the genetic and environmental correlations ap- 
propriate to each pair of lines. The genetic 
correlations are in good agreement, being 0.62 
in the weight selection and 0.57 in the tail 
selection. On the other hand the environmen- 
tal correlations do not agree well, being 0.41 
in the weight selection and 0.26 in the tail 
selection. This difference results, of course, 
from the difference in the phenotypic correla- 
tion which has already been discussed. The 
difference in rg is certainly not significant, 
since the difference in rp is itself barely so, 


Conclusions 

The good agreement between the two esti- 
mates of the genetic correlation forms the 
main conclusion from the experiment. It 
shows that the theoretical treatment of the ge- 
netic relationship between weight and _ tail- 
length adequately accounts for the correlated 
responses observed. The accuracy of the agree- 
ment should not, however, be pressed too far, 
because the estimates have evidently rather 
wide fiducial limits. The conclusion should 
rather be put the other way round: that no 
serious disagreement was found. The discrep- 
ancy between the two observed phenotypic 
correlations, if it is a real one, suggests that 
environmental conditions were not quite the 
same when the tail-selection was done as they 
were when the weight-selection was done; but 
if such a difference existed it seems not to 
have materially affected the heritabilities, and 
therefore does not vitiate the comparison of 
the genetic correlations. 


Summary 

A small experiment with mice is described 
which provides a check on the validity of the 
theory of genetic correlation. Two-way selec- 
tion was made for weight at six weeks in one 
pair of lines, and for tail-length at the same 
age in another pair. The responses of both 
characters were observed in both pairs of 
lines. Estimates: of the genetic correlation be- 
tween weight and tail-length, calculated sena- 
rately for the two pairs of lines, were 0.62 
and 0.57. This good agreement shows that the 
theoretical treatment of the genetic relation- 
ship between the two characters adequately 
accounts for the correlated responses to selec- 
tion actually observed. 
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